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IN TED3 UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLXCATION FOR EXTENSION OF PATENT TERM 

In Re Patent of: Jochen G. Salfeld et al. 

Patent No. : 6,090,3 82 

Issued: Jully 18,200O 

For: HUMAN ANTIBODIES THAT B&D HUMAN TNFa 

Box Patent Ext. 
Assistant Commissioner for Patents 
Washington, DC 2023 1 

Sir: 

Pursuant to the provisions of 35 U.S.C. 156, Abbott Biotechnology Ltd. hereby requests 

an extension of the term of U.S. Patent No. 6,090,382 of 326 days from February 9, 2016 to 

December 3 I, 2016. Abbott Biotechnology Ltd. is the assignee of the entire right, title and 

interest in the above-captioned United States Patent by virtue of the assignment, recorded 

February lo,2003 at the U.S. Patent and Trademark Office at Reel 013417, Frame 0540. 

The marketing applicant for approved product on which this extension application is 

based is Abbott Laboratories. Attached herewith as Exhibit I, is a Permission Letter from Abbott 

Laboratories permitting the use by Abbott Biotechnology Ltd. of the information garnered and the 

activities undertaken during the IND and BLA periods for the response to 37 CFR 1.74O(a)(ll). 

Abbott Biotechnology Ltd. hereby provides the following information as required by 37 

CFR 5 1.74O(a)l: 



Section 1 - 

A complete identification of the approved nroduct as bv appronriate chemical and generic 
name, phvsical structure or characteristics; 

INN and USAN Name: 

Laboratory Code Name: 

Brand Name: 

Description: 

Adalimumab 

D2E7 or LU200134 

HUMIRATk’ 

The approved product, Adalimumab, is an isolated human 
antibody that dissociates from human TNFcr with a I(d of about 
1~10-‘~ M, and has a I&rate constant of about 3x10“ s-‘, both of 
which were determined by surface plasmon resonance, and 
neutralizes human TNFa cytotoxicity in a standard in vitro L929 
assay with an lCj0 of about 1 x 10“’ M. 

Section 2 

A complete identification of the Federal statute including the applicable nrovision of law 
under which the regulatory review occurred; 

The approved product was subject to regulatory review under Section 505(i) of the 

Federal Food, -Drug and Cosmetic Act (21 USC 355(i)) ( see also 21 CFR Part 3 12) and Section 

35 l(a) of the Public Health Service Act (42 USC 262(a)) ( see also 2 1 CFR parts 3 14 and 601). 

Section 3 

An identification of the date on which the product received permission for commercial 
marketing or use under the urovision of law under which the annlicable regulatory review 
period occurred; 

The approved product, Adalimumab, received permission for commercial marketing or 

use under Section 35 I (a) of the Public Health Service Act (42 USC 262(a)) on December 3 1, 

2002. 

Section 4 

In the case of a drug product. an identification of each active ingredient in the product and as 
to each active ingredient. a statement that it has not been previously annroved for commercial 
marketing or use under the Federal Food, Drug. and Cosmetic Act, the Public Health Service 
Act, or the Virus-Serum-Toxin Act, or a statement of when the active ingredient was 
anuroved for commercial marketinp or use (either aIone or in combination with other active 
ingredients), the use for which it was approved, and the provision of law under which it was 
aunroved 



. 

The approved product contains only one active ingredient, Adalimumab. Adalimumab 

has not been previously approved for commercial marketing or use under the Federal Food, Drug, 

and Cosmetic Act, the Public Health Service Act, or the Virus-Serum-Toxin Act. 

Section 5 

A statement that the anplication is being submitted within the sixtv dav neriod permitted for 
submission oursuant to 4 1.720(f) and an identification of the date of the last dav on which the 
auplication could be submitted; 

This application is being submitted within the sixty (60) day period provided by 35 

U.S.C. 5 156(d.)( 1) since approval was granted on December 3 1,2002, and, therefore, the last day 

on which the application may be submitted within the sixty-day period pursuant to 37 C.F.R. 

0 1.720(f) is February 28,2003. 

Section 6 

A complete identification of the patent for which an extension is being sought bv the name of 
the inventor, the patent number, the date of issue, and the date of expiration; 

Patent No.: 6,090,382 

Issued: July 18,200O 

First named inventor: Jochen G. Salfeld 

Filed: February 9, 1996 

Expires: February 9,2016 

Section 7 

A COPY of the patent for which an extension is being sought, including the entire sr>ecification 
[including claims) and drawings; 

A copy of U.S. Patent No. 6,090,382 is attached herewith. 

Section 8 

A CODY of EUIY disclaimer. certificate of correction. receipt of maintenance fee navment. or 
reexamination certificate issued in the patent; 

No disclaimers have been filed with respect to U.S. Patent No. 6,090,382. No-certificate 

of correction or reexamination certificate has been issued with respect to U.S. Patent No. 

6,090,382. No maintenance fees have yet come due (or been paid) for U.S. Patent No. 6,090,382. 



Section 9 

A statement that the patent claims the approved product, or a method of using or 
manufacturing; the approved product. and a showing which lists each applicable patent 
claim and demonstrates the manner in which at least one such patent claim reads on: 
(i) The approved product, if the listed claims include any claim to the approved product; 
{ii) The method of using the approved product, if the listed claims include any claim to 
the method of using the approved product: and (iii) The method of manufacturinp the 
approved product. if the listed claims include any claim to the method of manufacturing 
theyproved croduct; 

U.S. Patent 6,090,382 claims the approved product, HUMIRATM (Adalimumab). The applicable 

claims of the ‘382 patent are Claims 1-16 and 20-29. 

In particular, 

Claim 1 reads as follows: 

An isolated human antibody, or an antigen-binding portion thereof, that dissociates from human 
TNFo with a I& of 1x1 Om8 M or less and a I& rate constant of 1x10” se’ or less, both determined 
by surface plasmon resonance, and neutralizes human TNFo cytotoxicity in a standard in vitro 
L929 assay with an I& of 1x1 O-’ M or less. 

E, The approved product, Adaiimumab, is an isolated human antibody that dissociates from 

human ThlFa with a Kd of about 1~10~‘~ M, and has a I&rate constant of about 3~10~~ s“, 

both of which were determined by surface plasmon resonance, and neutralizes human TNFcl 

cytotoxicity in a standard in vitro L929 assay with an KS0 of about 1 x lo-” M. 

Therefore, Claim 1 reads on the approved product. 



Section 10 

A statement be.tinnine on a new page of the relevant dates and information oursuant to 
35 U.S.C. 156(g) in order to enable the Secretan of Health and Human Services or the 
Secretarv of Am-iculture, as appromiate, to determine the applicable regulatory review 
period as follows: 
ii) For a patent claiming a human drug. antibiotic, or human bIologica product: 
(A) The effective date of the investigational new drug (DID) application and the IND 
number; 
LB) The date on which a new drug auplication WDA) or a Product License Anulication 
(PLA) was initially submitted and the NDA or PLA number: and 
(C)e date on which the NDA was auoroved or the Product License issued; 

April 16, 1998 Effective date of IMI Application No. BB IND 7627 

March 28,2002 

December 31,2002 

Submittal date of Biologics License Application (BLA) No. 125057 

BLA approval date 



Section 11 

A brief description beginnine: on a new page of the significant activities undertaken bv the 
marketing annlicant durinp the anulicable realatorv review period with respect to the 
approved product and the si,aificant dates applicable to such activities; 

The IND application was sent to the Food and Drug Administration (FDA) on March 16, 

1998, and was received by the FDA on March 17, 1998, and was assigned Application No. BB- 

IND 7627 by the FDA on March 19, 1998. The sponsor listed for the JND was Knoll 

Pharmaceutical Company. Abbott Laboratories purchased Knoll Pharmaceutical Company and 

informed the FDA in a letter dated July 27,2001, that Abbott Laboratories had acquired Knoll 

Pharmaceutical Company and was assuming the responsibilities for BB-IND 7627. Abbott 

Laboratories filed a new FDA form 157 1 listing Abbott Laboratories as the sponsor of the IND. 

The BLA was filed on March 28, 2002 and was assigned Submission Tracking No. BL 

1250.5710. The sponsor listed for the BLA is Abbott Laboratories. 

The following is a chronology of the activtties undertaken by Knoll Pharmaceutical 

Company and Abbott Laboratories during the IND period leading to the filing of the BLA and the 

activities undertaken by Abbott Laboratories during the BLA period leading to the approval of the 

approved product: 

3/16/98 Sponsor, Knoll Pharmaceutical Company &PC), submits an original lND application 
for D2E7 for the treatment of rheumatoid arthritis 

3/19/98 Letter from FDA assigning lND number BB-IND 7627 to ICPC for D2E7 noting that 
the date of the IND application submission is 3/16/98 and the date of receipt of the 
application is 3/l 7198 

S/6/98 Letter from FDA requesting further information about the IND 
S/14/98 Teleconference between FDA and KPC to discuss informed consent language for 

patients in clinical studies for the IND 
6/5/98 Submission of a proposal describing plans ‘for a Study to be discussed with FDA on a 

teleconference on 6/1 O/98 
6110198 Teleconference between FDA and KPC to discuss the protocol for a toxicology study 
7121198 Fax to FDA of a draft protocol for CLE Study No. 38 l-009 
813198 Submission of additional safety data 
8/l l/98 Teleconference between KPC and FDA to discuss additional safety information 

regarding D2E7 
812 l/98 Submission of revised D2E7 Study Protocols DE005 (Amendment A) and DEOOSX 

(Amendment A) 
813 1198 Teleconference between KPC and FDA to discuss Study 005 and Study 005X 

1 Protocols. FDA agreed Knoll could proceed with Study 005 and Study 005X I 
protocols as amended 

9/5/98 Confirmation letter from KPC acknowledging approval of D2E7 Clinical Study 
Protocols DE005 and DEOOSX (Amendment A) - 

. 

g/29/98 Teleconference between KPC and FDA regarding Study DEOOSX 
1 O/l 6/98 Teleconference between KPC and FDA regarding Study DEOOSX 
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l/26/99 
DE009 and DE009X 
Request to the FDA for a discussion regarding the results of Phase I and Phase II 
Studies 

819199 

8/16/99 
8123199 

912199 
913199 
9114199 

Fax of meeting announcements from FDA to Knoll for meeting on 8/9/99 to discuss 
studies 
Submission of pre-meeting package for the g/16/99 End-of-Phase II meeting 
Teleconference between KPC and FDA where FDA asked questions regarding the 
End-of-Phase 2 pre-meeting package 
Submission of End-of-Phase II overheads 
Submission of revisions to Study Protocol DEOOSX 
Submission of responses to FDA’s S/23/99 telephone questions regarding the 906199 

I 1 End-of-Phase II ore-meeting nackaee I 
10/l/99 Teleconference between FDA and KPC to discuss clinical pharmacology development 
lO/ 15199 Meeting Summary of the 9/l 6199 meeting sent from FDA to KPC 
1 l/2/99 Submission of amendment to Study Protocol DE009 
1 l/2/99 Submission of information regarding CMC requested by FDA in the 7/21/99 

teleconference 
1 l/29/99 Fax to FDA providing a compilation of D2E7 safety data compiled to date 
12f 15/99 Submission of Chronic Toxicity Study of D2E7 
12/l 6/99 Submission of Clinical Protocol DE0 15 for FDA review 
12/ 17199 Submission of information requested during the 1 l/30/99 teleconference between 

FDA and KPC for new Study Protocol DE0 19 
l/14/00 Response to FDA’s 12/ 16/99 request for information 
l/21/00 Submission of information regarding Study DE0 15 
2/l 6100 Submission of version two of Protocol DE0 19, containing revisions discussed with 

ltT57G-pA Letter from FDA requesting comments about aspects of Protocol DE0 15 submitted 

/ 6’2g’oo / teleconference 
Response to request for information made by the FDA during the 5/26/00 
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812 l/O0 Teleconference between FDA and KPC regarding the IND, KPC responded to FDA’s 
questions on the call 

g/12/00 Request for meeting with the FDA to discuss the results of Study DE015 and Study 
DE029 

9/19/00 Request to amend the protocol for Study DE03 1 
9/25/00 Fax horn FDA scheduling a teleconference scheduled for 10/25/00 to discuss Study 

DE0 15 and Study DE029 
9/26/00 Submission of a pre-meeting package as background for the FDA Type C meeting 

(via teleconference) with FDA scheduled for 10/25/00 to discuss Study DE0 15 and 
Study DE029 

1 o/3/00 Submission of the amended protocol for Study DE0 13 
11/3/00 Submission of pre-meeting package for the FDA Type B Meeting (via teleconference) 

with FDA scheduled for November. 17, 2000 
1 l/10/00 Submission of an updated list of questions for FDA for the FDA Type C meeting 
11/14/00 Submission of Protocol Amendment No. 1 to Study DE01 3 
1 l/l 6/00 Submission of Protocol Amendment B to Study DE020 
12/7/00 Teleconference between FDA and KPC to discuss Protocol DE0 13, Amendment No. 1 
12/20/00 Teleconference between FDA and KPC to discuss Process Validation Master Plans 
12/20/00 Submissron of an Information Amendment 
1/2/01 Response to the 12/l l/O0 teleconference with FDA where FDA requested further 

details of a study 
l/5/01 Response to FDA’s request for information made on 1 l/14/00 and 12/7/00 
1/5/o 1 Submission of Amendment D to the protocol for Study DE020 
l/l l/O1 Teleconference between FDA and KPC to discuss proposed Study DE029 
2/9/O 1 Submission of the final draft of the protocol for new Study DE029. which was 

approved by the FDA 
2126 & Teleconference between KPC and FDA to discuss the manufacturing process 
27/01 
3/8/O 1 Submission of a draft of the Statistical Analysis Plan to Study DEO19, and the 

Statistical Analysis Plan for Study DE01 1 
4llUOl Submission of an amendment to the IND for Phase IIT Study DE03 1 
5/9/o 1 Submission of KPC’s minutes from the teleconference held on 12/l 1100 between KPC 

and FDA 
5/9/O 1 Submission of KPC’s minutes from the teleconference held on 12/8/00 between KPC 

and FDA 
7/27/O 1 Letter from Abbott Laboratories informing FDA that it has acquired Knoll 

Pharmaceuticals Co., and is assuming responsibility for BB IND 7627 and submits 
‘FDA form 157 1 listing Abbott Labor&oies as the sponsor of the IND. 

7/30/o 1 Letter from Abbott submitting a copy of the letter received on 4/20/01 from the 
DSMB responsible for reviewing D2E7 data from Studies DE019 and DE03 1, which 
was requested by FDA 

8/3/O 1 Submission of Investigator’s Brochure for Adalimumab 
8/22/O 1 Letter from Abbott requesting a discussion with FDA’s Center for Biologics 

Evaluation and Researchregarding the upcoming submission by Abbott of a BLA for 
Adalimumab for the treatment of rheumatoid arthritis 

8/29/O 1 Letter from Abbott requesting a Type B, pre-BLA meeting to discuss the filing and 
formatting issues for a complete BLA 

g/31/01 Letter from Abbott requesting a discussion with FDA of the upcoming BLA for 
Adalimumab and the form the BLA submission will take 
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.  
I  

9 /6 /O  1  S u b m ission by  A b b o tt o f p r e - B L A  m e e tin g  in format ion p a c k a g e  
9 /2 8 /0 1  S u b m ission to  F D A  o f in format ion r e g a r d i n g  pre-c l in ical  p r o g r a m s ’ c o m p l e teness  
1  o /u 0  1  S u b m ission o f a  d e m o n s trat ion disk fo r  th e  A d a l i m u m a b  electronic  submiss ion  o f 

sect ions 1 1  (CRT)  a n d  1 2  (CRF)  
1 0 /l 8 /O  1  S u b m ission o f a  p roposa l  fo r  a n  e lectronic  vers ion  o f S e c tio n  1 0  o f th e  B L A  
1 0 /1 9 /0 1  Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  d u r i n g  wh ich  th e  S tu d y  D E 0 1 9  S ta tistica l  

Analys is  P lan,  th e  p r o p o s e d  d a ta  sets fo r  S e c tio n  1 0  o f th e  B L A  a n d  th e  p r e - B L A  
m e e tin g  p a c k a g e  w e r e  d iscussed 

1  O /1 9 /0  1  A b b o tt submiss ion  to  F D A , a  p r o toco l  fo r  a  tox  stu d y  
1  O /2 4 /0  1  Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  to  discuss th e  p r e - B L A  M e e tin g  p a c k a g e  
1  O /2 6 /0  1  Fax  f rom A b b o tt wi th answers  a n d  in format ion r e s p o n d i n g  to  q u e s tio n s  f rom F D A  

d u r i n g  th e  1  O /1 9 /0  I te lecon fe r e n c e  
1 0 /3 0 /O  1  M e e tin g  b e tween  A b b o tt a n d  F D A  to  discuss p r e - B L A  C M C  m a tters. F D A  p rov ided  

fe e d b a c k  o n  al l  q u e s tio n s  p o s e d  in  th e  p r e - m e e tin g  br ie f ing p a c k a g e  
1  l/1 /0 1  M e e tm g  b e tween  A b b o tt a n d  F D A  to  discuss p r e - B L A  cl inical A d a l i m u m a b  m a tters. 

F D A  p rov ided  fe e d b a c k  o n  al l  o f th e  q u e s tio n s  p o s e d  to  F D A  in  th e  p r e - m e e tin g  
br ie f ing p a c k a g e  

1  l/1 2 /0  1  S u b m ission o f X - ray  p r o c e d u r e  in format ion fo r  S tu d y  D E 0  1 9  fo r  F D A  rev iew 
1  l/2  l/O  1  Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  to  discuss th e  d e m o  disk fo r  e lectronic  

S e c tio n s  1 1  a n d  1 2  o f th e  A d a l i m u m a b  B L A . F D A  r e q u e s te d  severa l  m o d if ications 
1  l/3 0 /0 1  F D A  letter wi th a  copy  o f F D A ’s m e m o r a n d u m  o f th e  m e e tin g  h e l d  o f 1 0 /3 0 /0 1  
1  l/3 0 /0 1  F D A  letter wr th a  copy  o f F D A ’s m e m o r a n d u m  o f th e  m e e tin g  h e l d  o f 1  l/l/O 1  
1 2 /7 /O  1  S u b m ission o f p r o toco l  a m e n d m e n ts to  u p d a te  th e  IND 
1 2 / 1  l/O  1  Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  to  discuss th e  d o c u m e n ta tio n  submi tte d  by  

A b b o tt o n  1 1 /1 2 /0 1  fo r  S tu d y  D E 0 1 9  
1 2 / 1  Z/O  1  S u b m ission o f in format ion r e s p o n d i n g  to  F D A ’s 1  l/2  l/O  1  te lecon fe r e n c e  

m o d if ications to  th e  d e m o  disk fo r  S e c tio n s  1 1  a n d  1 2  o f th e  A d a l i m u m a b  B L A  
1 2 /2  l/O  1  S u b m ission o f r e q u e s t to  rev iew a n d  a p p r o v e  th e  b r a n d  n a m e  H U M IRA fo r  

A d a l i m u m a b  
1 2 /2 8 /O  1  S u b m ission o f p r o toco l  a m e n d m e n t p rov id ing  A m e n d m e n t # 2  fo r  S tu d y  D E 0 1  3  
l/4 /0 2  S u b m ission o f cl inical in format ion a m e n d m e n t p rov id ing  a n  u p d a te d  list o f 

l/7 /0 2  
l/1 0 /0 2  
l/1 7 /0 2  

ob l iga t ions  t ransfer red to  a  C R 0  invo lved in  th e  c o n d u c t o f S tu d y  D E 0 1 3  
S u b m ission o f p r o toco l  a m e n d m e n t p rov id ing  A m e n d m e n t E  fo r  S tu d y  D E 0 1 9  
S u b m ission o f p r o toco l  a m e n d m e n t p rov id ing  A m e n d m e n ts C  a n d  D  fo r  S tu d y  D E 0 2 0  
Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  to  discuss th e  3 ti vers ion  o f th e  d e m o  disk 

1  c o n ta in ing  p r o p o s e d  B L A  S e c tio n s  1 1  a n d  1 2 , th e  labe l ing  a n d  S e c tio n  8  text o f th e  
pivotal  stud ies  
S u b m ission o f A b b o tt’s m inutes f rom th e  p r e  B L A  m e e tin g s  h e l d  o n  1 0 /3 0 /0 1  a n d  
1  l/l/O  1  r e q u e s tin g  th a t th e  m inutes b e  inc luded  in  th e  IND 
Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  fo r  A b b o tt to  p rov ide  F D A  with o r ien ta tio n  
to  th e  x-ray i m a g i n g  d a ta b a s e  th a t wil l  b e  file d  with th e  A d a l i m u m a b  B L A . 
A b b o tt L a b o r a tor ies  files  th e  B L A  fo r  A d a l i m u m a b . 
Te lecon fe r e n c e  b e tween  A b b o tt a n d  F D A  w h e r e  F D A  verbal ly  a p p r o v e d  Cl in ical  

-  -  _ - - -  - - - - -  - - -  - - - -  1  .- 
d  F D A  fo r  A b b o tt to  n rov ide  F D A  with o r ien ta tio n  

ly a p p r o v e d  Cl in ical  

2 /4 /0 2  

2 1 5 1 0 2  

3 /2 8 /0 2  
4 1 3 1 0 2  

P r o toco l  N o . D E 0 3 8  
4 /1 6 /0 2  L e tte r  f rom F D A  acknow ledges  receipt  o f th e  B L A , wh ich  F D A  rece ived  o n  M a r c h  

2 9 , 2 0 0 2 , a n d  ass igns S u b m ission Track ing  N u m b e r  (STN)  B L  1 2 5 0 5 7 /O  ’ 
4 /2 3 /0 2  A b b o tt c o n tac ted  F D A  to  r e q u e s t a  te lecon fe r e n c e  to  discuss 1 )  B L A  4 - m o n th  safety 

u p d a te , 2 )  IND A n n u a l  R e p o r t a n d  3 )  r o u tin e  submiss ion  o f IND exped i te d  r e p o r ts 
4 /2 6 /0 2  P h o n e  d iscuss ion ( n o te d  in  a n  e m a il d a te d  4 /2 6 /0 2 )  b e tween  A b b o tt a n d  F D A , w h e r e  
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( FDA told Abbott that FDA had denied Abbott’s request for priority review and I 
assigned a 10 month review clock 

5l2402 Email from Abbott to FDA, providing additional information to further support 
Abbott’s request for reconsideration of priority review of the Adalimumab BLA 

5/28/02 Letter from FDA to Abbott stating that the Center for Biologics Evaluation and 
Research has completed an initial review of the BLA dated 3/28/02 for Adalimumab 
and has considered the BLA to be tiled effective May 28,2002 

6112102 Letter from FDA to Abbott denying priority review of Abbott’s BLA in response to 
Abbott’s 4/30/02 letter requesting reconsideration of priority review for Adalimumab 

6/21/02 FDA called Abbott to report that FDA was having difficulty navigating the electronic 
portion of the BLA 

6124102 Abbott called FDA and explained how to navigate through the electronic version of 
the BLA 

6127102 Phone call between Abbott and FDA to discuss FDA’s difficulty with a BLA 
electronic table 

from FDA to Abbott requesting additional ISS information 
contacted FDA to discuss items requested in the 713102 FDA fax 

Letter from Abbott to FDA offering to provide assistance that would help facilitate the 
timelv review of the BLA 

1 7/16/02 1 Fax from FDA to Abbott requesting information in addition to that requested in 1 
FDA’s 713102 fax 

7/17/02 Second page of 7/l 6102 fax from FDA received. Fax from Abbott to FDA providing 
the information requested by FDA in FDA’s faxes of 7/3/02 and 7/l 6lO2 

7/19/02 Fax from FDA requesting additional information about a table 
7124102 Fax from Abbott to FDA providing the information requested in FDA’s fax of 7/19/02 
7/25/02 Letter from Abbott to FDA with attachments submitting safety update 
7125102 Fax from Abbott to FDA providing a response to question number 5 of FDA’s 7/3/02 

I I fax I 
7/26/02 Fax from FDA to Abbott requesting two additional pieces of information 
7126102 Fax from Abbott to FDA with responses to questions no. 5,6, 7 and 10 of FDA’s 

7/30/02 I I Letter from Abbott to FDA submitting electronic versions (CDs) of the tables in the 
pivotal study reports, as well as, the ISE and ISS in response to FDA request of 
612 J/O2 

8/l/02 Fax from Abbott to FDA responding to questions no. 1 and 8 of FDA’s fax of 7/16/02 
8/1/02 Fax from Abbott toFDA responding to questions posed in FDA’s 7/26/02 fax 
8/1/02 Letter from Abbott to FDA sending a resubmission of electronic version of the tables 

submitted 7130102, reformatted as specified by FDA 
two2 FDA called Abbott and requested some of the data submitted to him be re-formatted 
8/5/02 Telephone discussion between FDA and Abbott regarding clarification on data sets 

requested by FDA 
8/6/02 Fax from Abbott to FDA providing the re-formatted data that FDA requested on 

m/o2 
m/o2 Telephone discussion between FDA and Abbott to discuss the data submitted to FDA 

on 7125102 
8/9/02 Fax from Abbott to FDA and letter from Abbott to FDA following up with further 

clarifications requested by FDA on the 8/8/02 teleconference 
8/15/02 Fax from FDA to Abbott requesting certain data 
8/23/02 Fax from Abbott to FDA providing the data requested in FDA’s fax of El.1 5/02 
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1 8/29/02 1 Fax from FDA to Abbott requesting comments and clarifications. Followed by a I 

913102 
teleconference between FDA and Abbott to discuss FDA’s fax 
Fax from FDA to Abbott requesting further information regarding the data sent to 
FDA in Abbott letter dated 8123102 and asking a new question 

914102 Letter from Abbott to FDA providing a CMC amendment 
9/10/02 Fax from Abbott to FDA and a letter to FDA providing answers and information 

I I requested in FDA’s faxed questions of 8128102, 8129102 and 913102 faxes except for I 
no. 1 of the FDA’s 913102 fax 
Abbott to FDA resnondine to question 1 of the FDA’s 9/3/02 fax 

9/13/02 Fax from FDA requesting additional information for the CMC section of the BLA 
9/16/02 Letter from Abbott to FDA submitting two additional copies of BLA 125057/0.7 

requested by FDA by telephone on 9116102 
9123102 Telephone call from FDA asking several additional questions regarding the CMC 

section of the BLA. 
g/24/02 Fax from FDA to Abbott requestmg data 
9/26/02 Fax from FDA requesting clarifications and additional information regarding results 

from various studies 
9126102 1 Fa.x from Abbott to FDA responding to FDA’s 9124102 fax request for data 

1 9/27/02 1 Fa.x from Abbott to FDA providing answers to the two questions that were asked 
I 
1 

the g/23/02 teleconference 
FDA to Abbott requesting additional data 

call from FDA with follow-up questions to Abbott’s faxed answers of 

Fax from Abbott to FDA with responses to questions nos. 1 and 2 of FDA’s 10/l/02 
fax, Fax noted that question no. 3 of FDA’s -10/l/02 fax would be provided in a 

to FDA With responses to the questions in FDA’s 9126102 fax 
Abbott approving the trademark HUMIRA is acceptable under 21 

37 CFR Part 201 
10/23/02 Fax from Abbott to FDA providing the final safety update that was discussed during 

8/29/02 teleconference 
10/29/02 Fax t?om FDA’s Abbott to FDA submitting an amendment to the CMC section of the 

BLA, which includes responses to FDA’s 9/13/02 faxed questions 
11/6/02 Fax from Abbott to FDA providing answers to the questions in FDA’s 1 l/1/02 
1 l/7/02 Fax from FDA to Abbott requesting an updated table based on the final safety update 
1 l/13/02 Fax from FDA to Abbott requesting additional information regarding the safety 

1 l/19/02 
1 l/20/02 
11/20/02 
11/21/02 

Abbott to FDA providing resr .)onse to FDA’s faxed request of 1 l/5/02 I 
%uc: from Abbott to FDA with the answer to question 1 of FDA’s 1 l/7/02 fax 
Fa?c. from Abbott to FDA with response to FDA's 1 l/13/02 faxed question 
Fax from FDA to Abbott requesting additional information 
Telephone discussion between FDA and Abbott regarding Abbott’s 1 O/30/02 BLA 
amendment (BLA 125057/0.9) 

I l/22/02 Telephone call between Abbott and FDA to provide the information requested by 
FD,4 during the 1 l/2 l/O2 telephone call. 

1 l/26/02 Fax from FDA to Abbott regarding package and container labeling and requested 
further information on the alcohol swab. 

1 l/27/02 Fax from Abbott to FDA providing information requested by FDA during the 
1 l/22/02 telephone call 
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12/5/02 Fax from Abbott to FDA providing a copy of one of the revised labels that 
incorporated changes suggested by FDA in FDA’s 1 l/26/02 fax 

12/12/02 Fax from Abbott to FDA with response to question 3 of FDA’s 1 l/20/02 fax 
12/l 3/02 Telephone conference between Abbott and FDA to discuss post-marketing 

commitments for the HUMIIU BLA 
12,‘13/02 Fax from Abbott to FDA provtding Abbott’s response to the FDA’s proposed labeling 

sent 12/10/02 
12/16/02 Fax from Abbott to FDA providing two versions of the package insert (clean and 

marked-up) 
12/16/02 Fax from Abbott to FDA providing the same information that was provided to FDA 

on 12/13/02 
12/16/02 Fax from Abbott to FDA providing a BLA amendment containing the revised package 

insert requested by FDA 
12/l 7102 Fax from Abbott to FDA providing copies of references 
12/l 8/02 Fax from Abbott to FDA providing amended package inserts with changes discussed 

in ;a teleuhone conference between Abbott and FDA on 12/l 7102 
12/l 8/02 I I Fax from Abbott to FDA provrding a revised version of the proposed post-marketing 

commitments for the BLA 
I 12/l S/O2 ( Leltter from Abbott to FDA enclosing amendment fBLA 125057/O. 12) to the BLA 
1 12/l 8/02 1 Lerter from Abbott to FDA enclosmp: amendment to BLA 125057/O. 13 

12/19/02 Leuer from Abbott to FDA enclosing amendment to BLA 12505710.14 
12/I 9/02 Tel,ephone call from FDA to Abbott requesting changes to the package insert 
12/19/02 Letter from Abbott to FDA enclosing amendment to BLA 125057/O. 15 
12/20/02 Fax from Abbott to FDA providing the revised package insert in response to FDA’s 

ts”“‘“’ ca’1 12/20/02 Fax from Abbott to FDA submitting a revised package insert 
12/20/02 Letter from Abbott to FDA enclosing amendment to BLA 125057/O. 17 
12123102 Letter from Abbott to FDA enclosing amendment to BLA 125057/O. 18 
12/27/02 Gail from Abbott to FDA nrovidine a CODV of the drawine 
12127102 Email from Abbott to FDA submitting a revised patient package insert 
12/27/02 Letter from Abbott to FDA submitting amendment to BLA 125057/O. 19 
12/28/02 Letter from Abbott to FDA submitting amendment to BLA 125057/0.20 
12/30/02 %. from Abbott to FDA submitting post marketing commitment 
12/30/02 Fax. from Abbott to FDA submitting amendment to BLA 125057/0.21 containing a 

copy of the patient information booklet 
12/30/02 Telephone conference between Abbott and FDA where FDA requested various 

changes to the BLA labeling. 
12/3 l/02 Fax and letter from Abbott to FDA submitting amendment to BLA 125057jO.23 in 

response to the 12/30/02 teleconference between FDA and Abbott 
12/3 l/O2 Fax from FDA to Abbott approving BLA 125057 
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Section 12: 

A statement begimnnn on a new nage that in the ooinion of the anplicant the patent is eligible 
for the extension and a statement as to the length of extension claimed, including how the 
length of extension was determined; 

U.S. Patent No. 6,090,382 is eligible for a patent term extension of 326 days (through 

December 3 1, 20 16) because: 

a> 
b) 
c> 
4 

e> 

g) 
h> 

It claims the approved human drug product HUMIRATM (Adalimumab); 

The term Iof the patent has never been previously extended; 

The application is submitted by the owner of record of the patent, Abbott Biotechnology Ltd.; 

The approved product has been subject to regulatory review prior to commercial marketing or 

use under section 3.5 1 of the Public Health Service Act; 

The approved product received permission for commercial marketing or use on December 3 1, 

2002 and the application has been submitted within 60 days from the date; 

The permission for the commercial marketing or use of the approved product, HUMIRATM 

(Adalimumab), after regulatory review period is the first permitted commercial marketing or 

use of the product under the provision of the Public Health Service Act under which the 

regulatory review period occurred; 

The term of the patent has not expired prior to this date of application; and 

No other patent term has been extended for the same regulatory review period for the 

approved product. 

The length of extension claimed is 326 days and was calculated as follows: 

The original expiration date of the patent from which the patent term extension will run is 

February 9,2016 (20 years from the filing date of February 9, 1996). 

The re,gulatory review period (per 37 CFR 1.775(c)) was calculated as the sum of: 

1. the number of days from the date of effectiveness of the IND, April 16, 1998, to the filing of 

the BLA, March 282002, or 1,442 days (calculated as follows: (4 yrs or 365x4=) 1460 days 

+ 1 day for 2000 leap year - 19 days (i.e., 4116 back to 3128) = 1442); and 

2. the number of days from the filing of the BLA, March 28,2002, to the date of approval of the 

BLA, December 3 1,2002, or 278 days. 

The regulatory review period is 1.720 days. 

The term that the patent is extended is generally determined under 37 CFR 1.775(d) as 

follows: 
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1. subtracting from the number of days determined to be the regulatory review period, the 

following: 

(i) the number of days in the regulatory review period which were on or before the date 

on which the patent issued, which in this case is 824 days (calculated as follows: start of 

END 4/16/98 to 4/16/00 is 731 days (includes 2/29/00 leap year) + 93 days (from 4/17/00 

to 7/l 8/00) = 824); 

(ii) the number of days in the regulatory review period in which it is determined that 

applicant did not act with due diligence; and 

(iii) one half of the number of days remaining in the period defined by 37 CFR 

1.775(c)(l) after that period is reduced in accordance with 37 CFR 1.775(d)(l)(i) and (ii). 

However, the date to which the patent may be extended cannot exceed the earlier of 14 

years from the date of approval of the BLA or for patents issued after September 24, 1984, five 

years from the original expiration date of the patent. 

Approval date (12/3 l/02) + 14 years = December 3 1, 20 16 

Original expiration date (2/9/16) + 5 years = February 9, 2021 

Therefore, the maximum extension available is for 14 years from the date of approval of the If&A 

(326 days) or until December 31,2016. 

The calculation under 37 CFR I .775(d)( 1) is as follows: 

1,720 - 824 -. % (1,442 - 824) = 587 davs. 

587 days exceeds 326 days, such that the maximum available extension is 14 years from the 

approval of the BLA. 

The record clearly indicatesthat there was no period of time during which the marketing 

applicant failed to act with due diligence and, therefore, U.S. Patent No. 6,090,382 is entitled to a 

patent term ext.ension of 326 days from February 9,20 16 to December 3 I,20 16. 
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section 13 

A statement that applicant acknowledges a dutv to disclose to the Commissioner of 
Patents and Trademarks and the Secretary of Health and Human Services or the Secretary 
of Agriculture any information which is material to the determination of entitlement to 
the extension sought; 

The applicant hereby acknowledges the duty to disclose to the Commissioner of Patents 

and Trademarks and the Secretary of Health and Human Services or the Secretary of Agriculture 

any information which is material to the determination of entitlement to the extension sought. 

Section 14 

The prescribed fee for receiving and acting upon the application for extension; 

The prescribed fee of $1,120.00 for receiving and acting upon the application for 

extension is hereby authorized to be charged to Deposit Account No. 01-0025. If additional fees 

are required, authorization is hereby made to charge the additional fees to Deposit Account No. 

01-0025. 

Section 1.5 

The name, address, and telenhone number of the person to whom inquiries and 
correspondence relatine to the application for patent term extension are to be directed; 
and 

Inquiries and correspondence should be addressed to: 

Steven F. Weinstock 
Abbott Laboratories 

Dept. 377, Bldg. AP6A-1 
100 Abbott Park Road 

Abbott Park, IL 60064-6008 
Tel.: 847-937-6364 
Fax: 847-938-2623 
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Section 15 (b) 
The application under this section must be accompanied bv two additional copies of such 
application (for a total of three copies). 

The original and two dfiplicate copies of the application for a total of three copies, are 

being submitted and it is hereby certified that the copies are identical to the original. 

Resp@fklly s$xnitted, 

Date: $.-31 -d 5 

Steven F. Weinstock 
Attorney for Applicant 
Reg. No. 30,117 

Steven F. Weinstock 
Abbott Laboratories 
Dept. 377, Bldg. AP6A-1 
100 Abbott Park Road 
Abbott Park, IL 60064-6008 
Tel.: 847-937-6364 
Fax: 847-938-2623 
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a ABBOTT 
Steven F. Weinstock 
Vice President 
Chief Patent & Trademark Counsel 

Abbott Laboratones 
Dept. 377, Bldg. AP6A-I 
100 Abbott Park Road 
Abbott Park, IL 60064-6008 

Telephone: (547) 937-6364 
FAX: (847) 938-2623 

Exhibit 1 

February 27, 2003 

Abbott Biotechnology Ltd. 
Clarendon House 
2 Church Street 
Hamilton HM 11, Bermuda 

Dear Sir or Madam: 

Abbott Laboratories, the marketing applicant for Humira (Adalimumab), hereby authorizes 
Abbott Biotechnology Ltd. to rely upon the information generated and activities undertaken 
during the IND and BLA phases of regulatory review of Humira for purposes of prosecuting an 
application for patent term extension under 35 U.S.C. s.156 for U.S. Patent No. 6,090,382. 

Very truly yours, 

ABBOTT L+BC,RATORIES 

L@Q+ 
Steven F. Weinstock 
Vice President 
Assistant Secretary, Chief Patent & Trademark Counsel 

SFW/j er 
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D2E7 VL 

GAC ATC CAG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA 
D I Q M T Q S P S S L S A S V 

CDR Ll 
GGG GAC AGA GTC ACC ATC ACT TGT CGG GCA AGT CAG GGC ATC AGA 

GDRVTITCRASQGIR 

AAT TAC TTA GCC TGG TAT CAG CAA AAA CCA GGG AMi GCC CCT AAG 
N Y L A W Y Q Q K P G K A P K 

CDR L2 
CTC C:TG ATC TAT GCT GCA TCC ACT TTG CAA TCA GGG GTC CCA TCT 

LLIYAASTLQSGVPS 

CGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC ATC 
RFSGSGSGTDFTLTI 

AGC AGC CTA CAG' CCT GAP; GAT GTT GCA ACT TAT TAC TGT CAA AGG 
SSLQPEDVATYYCQR 

CDR L3 
TAT AAC CGT GCA CCG TAT ACT T'-M' GGC CAG GGG ACC AAG GTG GAA 

YNRAPYTFGQGTKVE 

ATC AM4 
I K 

FIGUREi 7 
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D2E7 UH 

GAG GTG CAG CTG GTG GAG TCT GGG GGA GGC TTG GTA CAG CCC GGC 
E V Q L V E S G G G L U Q P G 

AGG TCC CTG AGA CTC TCC TGT GCG GCC TCT GGA TTC ACC TTT GAT 
R S L R L S C A A S G F T F D 

CDR Hl 
GAT TAT GCC ATG CAC TGG GTC CGG CAA GCT CCA GGG AAG GGC CTG 

BYAMHWVRQAPGKGL 

CDR 82 
GAA TGG GTC TCA GCT ATC ACT TGG AAT AGT GGT CAC ATA GAC TAT 

E W V S A I T W N S G H I D Y 

GCG GAC TCT GTG GAG GGC CGA TTC ACC ATC TCC AGA GAC AAC GCC 
A D s v E G RF,TI SRDNA 

AAG AAC TCC CTG TAT CTG CAA ATG AAC AGT CTG AGA GCT GAG GAT 
K N S L Y LQ M N S L R A E D 

CDR x3 
ACG GCC GTA TAT TAC TGT GCG AAA GTC TCG TAC CTT AGC ACC GCG 

T‘AVYYCAKV S Y L S T A 

TCC: TCC C'M' GAC TAT TGG GGC CAA GGT ACC CTG GTC ACC GTC TCG 
,BY W G Q G T L V T V S 

AGT 
S 

FIGURE 8 
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HUMAN ANTIBODIES THAT BIND HUMAN 
TNFa 

BACKGROUND OF THE INVENTION 

Tumor necrosis factor a (TNFa) is a cytokine produced 
by numerous cell types, including monocytes and 
macrophages, that was originally identified based on its 
capacity to induce the necrosis of certun mouse tumors (see 
e.g., Old, L. (1985) Science 230530-632). Subsequently, a 
factor termed cache&n, associated with cachexia, was 
shown to be the same molecule as TNFa. TNFa has been 
implicated in mediating shock (see e.g., Beutler, B. and 
Cerami, A (1988) Annu. Rev. Biochem. 57505-518; 
Beutler, B. and Cerami, A (1989) Awu. Rev lmmunoL 
7:625-655). Furthermore, TNFa has been implicated in the 
pathopbysiology of a variety of other human diseases and 
disorders, including sepsis, infections, autoimmune 
diseases, transplant rejection and graEt-versus-host disease 
(see e.g.. Vasilli, E? (1992)Annu. Rev. Immunol. 10~411-452; 
Tracey, K. J. and Cerami, A. (1994) AMU. Rev. Med. 
45:491-503). 

Because of the harmful role of human TNFa (hTNFa) in 
a variety of human disorders, therapeutic strategies have 
been designed to inhibit or counteract hTNFa activity. In 
particular, antibodies that bind to, and neutralize, hTNFa 
have been sought as a means to inhibit hTNFa activity. 
Some of Ihe earliest of such antIbodies were mouse mono- 
clonal antibodies (mAbs). secreted by hybridomas prepared 
from lymphocytes oE mice immunized with hTNFa (see 
e.g., Hahn T, get al., (1985) Proc Nat1 Acad Sci USA 82: 
3814-3818; Liang, C-M., et al. (1986) B&hem. Biophys. 
Res. Cormnun. 137:847-854; Hirai, M.. et al. (1987) J. 
ItnmunoL Methods 9657-62; Fendly. B. M., et al. (1987) 
Hybridoma 6:3.59-370; M&er, A., et al. (1990) Cytokine 
2:162-169; U.S. Pat. No. .5,231,024 to MoeUer et al.; 
European Patent Publication No. 186 833 Bl by Wallach. 
Il.; European Patent Application Publication No. 218 868 
Al by Old et al.; European Patent Publication No. 260 610 
Bl by Moeller, A, et aL). While these mouse anti-hTNFa 
antIbodies often displayed high aIIinity for ,hTNFa (e.g., 
KdslIo-%4) and were able to neutralize hTNFa activity, 
their use in viva may be limited by problems associated with 
administration of mouse antibodies to humans, such as short 
serum half life. an inability to trigger certain human effector 
functions and elicitation OE an unwasted immune response 
against the mouse antibody in a human (the “human anti- 
mouse antibody” (HAMA) reaction). 

la an attempt to overcome the problems associated with 
use of fully-murine antibodies in humans, murine anti- 
hTNFa antibodies have been genetically engineered to be 
more “human-like.” For example, chime&z antibodies. in 
which the variable regions of the antibody chains are 
murine-derived and the constant regions of the antibody 
chains are human-derived, have been prepared (Knight, D. 
M, et al. (1993) Mol. ImmurwL X:1443-1453; PCI’ Publi- 
cation No. WO 92/l&%3 by Daddooa, P. E., et al.). 
Additionally, humanized a&bodies. in which the hypervari- 
able domains of the antibody variable regions are murine- 
derived but the remainder of the variable ngioas and the 
antibody constant regions are human-derived, have also 
been prepared (PCI’Publication No. WO 92/11383 by Adair. 
J. R.. et al.). However, because these chime& and human- 
ized antibodies still retain some murine sequences, they still 
may elicit an unwanted immune reaction, the human anti- 
chimeric antibody (HACA) reaction, especially when 
administered for prolonged periods, e.g., for chronic 
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2 
indications, such as rheumatoid arthritis (see e.g., Elliott, M. 
J., et al. (1994) Lancet 344:1125-1127; Elliot. M. J., et al: 
(1994) Lancet 344:1105-1110). 

A preferred hTNFa inhibitory agent to murine mAbs or 
derivatives thereof (e.g., chimeric or humanized an&odies) 
would be an entirely human anti-hTNFa antibody, since 
such an agent should not elicit the HAMA reaction, even if 
used for prolonged periods. Human monoclooal autoanti- 
bodies against hTNFa have been prepared using human 
hybridoma techniaues (Bovle. P.. et al. (19931 Cell. Immu- 
r&L 152556-568: Bo;le,‘P.,‘et ‘al. (19G3) &lL Immunol. 
152:56%S81; European Patent Application Publication No. 
614 984 A2 by Boyle, et al.). However. these hybridoma- 
derived monocional autoanllbodies were reported to have an 
affinity for hTNFa that was too low to calculate by conveo- 
tional methods. were unable to bind soluble hTNFa and 
were unable to neutralize hTNFa-induced cytotoxicity (see 
Boyle, et al.; supra). Moreover, the success of the human 
hybridoma technique depends upon Ihe natural presence in 
human peripheral blood of lymphocytes producing autoan- 
tibodies specitic for hTNFa. Certain studies have detected 
serum autoantibodies against hTNFa in human subjects 
(Fomsgaard, A., et al. (1989) Scnnd J Immunol. 
30:219-223; Bendtzen, K., et al. (1990) Prig. Leukocyte 
Biol. lOB:447-452), whereas others have not (Leusch. H-G., 
et al. (1991) J. fmmunol. &fefho& 139:145-147)., 

Alternative to naturally-occurring human antl-hTNFa 
antibodies would be a recombinant h’I’NFa antibody 
Recnmbinaal human antibodies that bind hTNFa with rela- 
tively low aftinity (i.e., KslO-‘M) and a fast off rate (i.e., 
K,rlO-* se&) have been described (Gtiths, A D.. et al. 
(1993) EMBO J. 12725-734). However, because of their 
relatively fast dissociation kinetics, these antibodies may not 
be suitable for therapeutic use. Additionally. a recombinant 
human anti-hTNFa has been described that does not neu- 
tralize hTNFa activity, but rather enhances binding of 
hTNFa to the surface of ceUs and enhances internalization 
of hTNFa (Lidbury, A, et al. (1994) Biotechnol. Ther. 
527-45; PCI’ Publication No. WO 9ZO3145 by Aston. R. et 
al.) 

Accordingly, human antibodies, such. as recombinant 
human antibodies. that bind soluble hTNFa with high 
aElinity and slow dissociation kinetics and that have the 
capacity to neutralize hTNFa activity, including hTNFa- 
induced cytotoxicity (in vitro and in vivo) and hTNFa- 
induced ceil activation. are still needed. 

SUMMARY OF THE INVENnON 

This invention provide-s human antibodies. preferably 
recombinant human antibodies, that specifically bind to 
human TNFa. The antibodies of the invention arc charac- 
terized by binding to hTNFa with high aflinity and slow 
dissociation kinetics and by neutralizing hTNFa activity, 
including hTNl?a-induced cytotoxicity (in vitro and in vivo) 
and hTNFa-induced cellular activation. The antibodies can 
be full-length (e.g., an IgGl ot IgG4 antibody) ot can 
comprise only an antigen-binding portion (e.g., a Fab, 
F(ab’)= or scFv fragment). The most preferred recombinant 
antibody of the invention. termed D&7. has a light chain 
CDR3 domain comDrisinr the amino acid seouence of SEO 
ID NO: 3 and a heavy chain CDR3 domain comprising the 
amino acid sequence of SEQ ID NO: 4. Preferably, the D2E7 
antibody has a light chain variable region (LCVR) compris- 
ing the amino acid sequence of SEQ ID NO: 1 and a heavy 
chain variable region (HCVR) comprising the amino acid 
sequence of SEQ ID NO: 2. 



3 
IO one embodiment, the invention provides an isolated 

human antibody, or an antigen-binding portion thereof, that 
dissociates from human TNFa with a K., of 1~10~ M or less 
and a K,,+ate constant of lxlO-‘~-~ or I&s, both determined 
bv surface olasmon resonance. and neutralizes human TNEa 
cytotoxicity in a standard in vitro L929 assay with an IC,, 
of 1x10-M or less. More preferably, the isolated human 
antibody, or antigen-binding portion thereof, dissociates 
from human TNFa with a K, of 5~10~~ s-l or less, or even 
more preferably, with a K, of 1~10~~ s-r or less. More 
preferably, the isolated human antibody, or antigen-binding 
portion thereof, neutralizes human TNFa cytotoxicity in a 
standard in vitm L929 assay with an IC,, of 1x10-s M or 
less, even more preferably with an IC, of 1x10-’ M or less 
and still more preferably with an IC,, of 1x10-” M or less. 

In another embodiment, the invention provides a human 
antrbody, or antigen-btodiog portion thereof, with the fol- 
lowing characteristics: 

17. SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ 
03 NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 
24, SEQ ID NO: 25, SEQ ID NO: 26 or with an HCVR 
having a CDR3 domain comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO: 4, SEQ 
ID NO: 27. SEQ ID NO: 28, SEQ ID NO: 29. SEQ ID NO: 
30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ 
ID NO: 34 and SEQ ID NO: 35. 

In yet another embodiment, the invention provides an 
isolated human antibody, or antigen-binding portion thereof, 
that neutralizes the activity of human TNFa, chimpanzee 
TNFa and at least one additional primate TNFa selected 
from the group consisting of baboon TNFa, marmoset 
TNFa. cvnomoleus TNFa and rhesus TNFa. In one 

a) diwcrates from human TNFa with a Koyof lxlO-‘~-~ 
or less, as determined by surface plasmoo resonance; 

b) has a light chain CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 3. or modified from SEQ 
ID NO. 3 by a single alanme substrtution at position 1, 
4, 5, 7 or 8 or by one to five conservative amino acid 
substitutions at positions 1, 3, 4, 6, 7, 8 and/or 9; 

c) has a heavy chain CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 4, or modified from SEQ 
ID NO: 4 lby a single alaome substrtution at positron 2, 
3, 4, 5, 6, 8, 9, 10 or 11 or by one to five conservative 
amino acid substitutions at positions 2, 3, 4, 5, 6. S, 9, 
10, 11 and/or 12. 

subembodiment, the isolated human antibody, or antigen- 
binding portion thereof, also neutralizes the activity of 
mouse TNFa. In another subembodiment, the isolated 
human antrbody, or antigen-binding portion thereof, also 
neutralizes the activity of pig TNFa. 

6,090,382 

5 

10 

15 

20 

25 

3a 

35 

40 

Another aspect of the inventron pertains to nucleic acid 
molecules encoding the antibodies, or antigen-binding 
portions, of the invention. A preferred nucleic aad of the 
invention, encoding a D2E7 LCVR, has the nucleotide 
sequence shown in FIG. 7 and SEQ ID NO 36. Another 
preferred nucleic acid of the invention, encoding a D2E7 
HCVR. has the oucleotide sequence shown in FIG. 8 and 
SEQ ID NO 37. Recombinant expression vectors carrying 
the antibody-encoding nucleic acids of the inveation, and 
host cells into which such vectors have been introduced, are 
also encompassed by the invention, as are methods of 
making the antibodies of the invention by cuituring the host 
cells of the invention. 

More preferably, the antibody, or antigen-binding portion 
thereof, dissociates from human TNFa with a Kdflof 5x10-“ 

-I or less. Still more preferably, the antibody, or aotigeo- 
kding portion thereof, dissociates from human TNFa with 
a kfof 1~10~~ s-’ or less. 

In yet aootber embodiment, the invention pmvides a 
human antibody, or ad antigen-binding portion thereof, with 
an LCVR having CDR3 domain comprising the amino acid 
sequence of SEQ ID NO: 3, or modified from SEQ ID NO: 
3 by a single alaoine substitution at position 1.4,s. 7 or 8, 
and with an HCVR having a CDR3 domain comprising the 
amino acid sequence of SEQ ID NO: 4, or modified from 
SEQ ID NO: 4 by a single alaoine substitution at position 2, 
3,4,5, 6.8, 9.10 or 11. More preferably, the LCVR further 
has a CDR2 domain comprising the amino acid sequence of 
SEQ ID NO: 5 and the HCVR further has a CDR2 domain 
comprising the amino acid sequence of SEQ ID NO: 6. Still 
more preferably, the LCVR further has CDRl domain 
comprising the amino acid sequence of SEQ ID NO: 7 and 
the HCVR has ,a CDRl domain comprising the amino acid 
sequence of SEQ ID NO: 8. 

4s 

Yet another aspect of the invention pertains to methods for 
inhibiting human TNFa activity using an aotlbody, or 
antigen-binding portion thereof, of the invention. In one 
embodiment, the method comprises contacting human 
TNFa with the antibody of the invention, or antigen-binding 
portion thereof, such that human TNFa activity is inhibited. 
In another embodiment, the method comprises administer- 
ing an antibody of the invention, or antigen-binding portion 
thereof, to a human subject suffering from a disorder in 
which TNFa activity is detrimental such that human TNFa 
activity in the human subject is inhibited. The disorder can 
be, for example, sepsis, an autoimmune disease (e.g., rheu- 
matoid arthritis, allergy, multiple sclerosis, autoimmune 
diabetes, autoimmune uveitis and nephrotic syndrome), an 
infectious disease, a malignancy, transplant rejection or 
graft-versus-host disease, a pulmonary disorder, a bone 
disorder, an intestinal disorder or a cardiac disorder. 

In still another embodiment, the invention provides an 
isolated human antibody, or an antigen binding portion 
thereof, with an LCVR comprising the amino acid sequence 
of SEQ ID NO: 1 and an HCVR comprising the amino acid 
sequence of SEQ ID NO: 2. In certam embodiments, the 
antibody has an IgGl heavy chain constant region or an 
IgGJ heavy chain constant region. In yet other 
embodiments, the antibody is a Fab fragment, an F(ab’), 
fragment or a single chain Fv fragment. 

In still other embodiments, the inventioo provides 
antibodies. or antigen-binding portions thereof, with an 
LCVR having CDR3 domain comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO: 
3, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ 
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 
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60 

65 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. LA and 1B show the amino acid sequences of the 

light chain variable region of D2E7 (D2E7 VL, also shown 
in SEQ ID NO: 1). alanine-scan mutants of D2E7 VL 
(LD2E7*.Al, LD2E7*.A3, LDZE7*.AJ, LD2E7*.AS, 
LD2E7*.A7 and LD2E7*.AS), the light chain variable 
region of the D2E7-related antibody 2SD4 (2SD4 VL, also 
shown in SEQ ID NO: 9) and other D2E7-related light chain 
variable regions (EP B12. VLlOE4, VLlOOA9, VL100D2. 
vLlOF4, LOE5. VLLOF9, VLLOFlO, VLLOG7, VLLOG9, 
VLLOHl, VLLOHlO, VLlB7, VLlCl. VLlC7, VLO.lF4, 
VLOlH8, LOE7, LOE7.A and LOE7.T). FIG. LAshows the 
FRL, CDRl, FR2 and CDR2 domains. FIG. 1B shows the 
ER3, CDR3 and IX4 domains. The tight chain CDRl 
(“CDR L-1”). CDR2 (“CDR L2”) and CDR3 (“CDR U”) 
domains are boxed. 

FIGS. 2A and 2B show the amino acid sequences of the 
heavy chain variable region of D2E7 (D2E7 VII; also shown 
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ia SEQ ID NO: 2). alanine-scan mutants of D2E7 VH 
(HD2E7*.Al, HD2E7’.A2, HD2E7’.A3. HD2E7*.A4, 
HD2E7*..45, HD2E7*.A6, HD2E7*.A7, HD2ZW’.A8 and 
HD2E7*A9), the heavy chain variable region of the D2E7- 
related antibody 2SD4 (2SD4 VI-I; also shown in SEQ ID 
NO: 10) and other D2E7-related heavy chain variable 
regions (VHlBll, VHlDB, VHlAll, VHlB12, VHl-D2, 
VHlE4, VHlF6, VHlGl, 3C-H2, VI-H-D2.N and VHl- 
D2.Y). FIG. 2A shows the FRl, CDRl, FR2 and CDR2 
domains. FIG. 2B shows the FR3, CDR3 and FRJ domains. 
The heavy chain CDRl (“CDR Hl”), CDR2 (“CDR H2”) 
and CDR3 (“CDR H3”) domains are boxed. 

FIG. 3 is a graph depicting the inhibition of ‘INFa- 
induced L929 cytotoxicity by the human anti-hTNFa aoti- 
body D2E7, as compared to the murine anti-hTNFa anti- 
body MAK 195 (IgGl or Fab fragment). 

FIG. 4 is a graph depicting the inhibition of rhTNFa 
binding to hTNFa receptors on U-937 ceUs by the human 
antr-hTNFa antibody D2E7, as compared to the murine 
anti-hTNFa dotibody MAR 195 (IgGl or Fab fragment). 

FIG. 5 is a graph depicting the inhibition of TNFa- 
induced ELAh4-1 expression on HUVEC by the human 
aott-hTNFa armbody D2E7, as compared to the munne 
anti-hTNFa antibody MAR 195 (IgGl or Fab fragment). 

FIG. 6 1s a Ibar graph depicting protection from TNFa- 
induced lethahty in D-galactosamine-sensitized mice by 
administration of the human anti-hTNFa antibody D2E7 
(black bars), as compared to the murroe anti-hTNFa anti- 
body MAR 195 (hatched bars). 

FIG. 7 shows the nucleotide sequence of the light chain 
variable region1 of D2E7, with the predicted amino acid 
sequence below the oucleotide sequence. The CDR Ll, 
CDR L2 and CDR L3 regions are underlined. 

FIG. 8 shows the nudeotide sequence of the heavy chain 
variabte region of D2E7. with the predicted amino acid 
sequence below the nucleotide sequence. The CDR Hl, 
CDR H2 and CDR H3 regiom are uaderhned. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This inventioa pertains to isohrted human antibodies, or 
antigen-binding portions thereof, that bind to human TNFa 
with high atIinity. a low off rate and high neutralizing 
capacity. Various aspects of the iaventioa relate to antibodies 
and antibody fragments, and pharmaceutical compositions 
thereof, as well as nucleic acids, recombinant expression 
vectors and host cells Ear making such antibodies and 
fragments. Methods of using the antibodies of the invention 
to detect human TNFa or to inhibit human TNFa activity, 
either in vitro or in vivo, are also encompassed by the 
invention. 

IO order that the present invention may be more readily 
understood, certain terms are first defined. 

The term “human TNFa” (abbreviated herein as hTNFa, 
or simply h’I’NF), as used herein, is intended to refer to a 
human cytokioe that exists as a 17 kD secreted form and a 
26 kD membrane associated form, the biologically active 
form OF which is composed of a trimer OF aoncovalenlly 
bound 17 kD molecules. The structure of hTNFa is 
described further in, for example, Pennica, D., et al (1984) 
Nawe 312724-729; Davis, J. M., et aI. (1987) Biochem- 
irtry 26:1322-1326; and Jones, E. Y., et al. (1989) Nu&re 
338225-228. The term human TNFa is intended to include 
recombinant human TNFa (rhTNFa). which can be pre- 
pared by standard recombinant expression methods or pur- 
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6 
chased commerciaUy (R & D Systems, Catalog No. 210-TA, 
Minneapolis, Minn.). 

The term “antibody”, as used herein, is intended to refer 
to immunogIobuba moIecuIes comprised of four poIypep- 
tide chains, two heavy (H) chains and two tight Q chains 
inter-connected by disulfide bonds. Each heavy chain is 
comprised of a heavy chain variable region (abbreviated 
herein as HCVR or VII) and a heavy chain constant region. 
The heavy chain constant region is comprised of three 
domains, CHl, CH2 and CH3. Each light chain is comprised 
of a light chain variable regioa (abbreviated herein asLCVR 
or VL) and a light chain constant region. The light chain 
constant region is comprised of one domain, CL. The VI-I 
and VL regions can be further subdivided into regions of 
hypervariability, termed complementarity determining 
regions (CDR), interspersed with regions that are more 
conserved, termed framework regions (FR). Each VII and 
VL is composed of three CDRs and four FRs, arranged from 
amino-terminus lo carboxy-terminus in the following order: 
FRl, CDRl, FR2, CDR’, FR3, CDR3. FR4. 

The term “antigen-binding portron” of an antibody (or 
simply “antibody portion”), as used herein, refers to one or 
more fragments of an aotrbody that retain the ability to 
specifically bind to an antigen (e.g. hTNFa). It has been 
shown that the antigen-binding function of an antibody can 
be performed by fragments of a full-length antibody. 
Examples of binding fragments encompassed within the 
term “antigen-binding portion” oE an antibody include (i) a 
Fab fragment, a monovalent Gagment consisting of the VL. 
VH, CL and CH I domains; (ii) a F(ab’)a fragment, a bivaleot 
fragment comprising two Fab fragments linked by a disul- 
fide bridge at the hioge region; (iii) a Fd fragment consisting 
of the VI-I and CHl domains; (iv) a Fv fragment consisting 
of the VL and VH domains of a single arm of an antibody, 
(v) a dAb fragment (Ward et al., (1989) Narure 341:544-546 
), which consists of a VH domain; and (vi) an isolated 
complementarity determining region (CDR). Furthermore, 
although the two domains of the Fv fragment, VL and VH, 
are coded for by separate genes, they can be joined, using 
recombinant methods, by a synthetic linker that enables 
them to be made as a single protein chain in which the VL 
and VH regions pair to form monovalent molecules (known 
as single chain Fv (scFv); see e.g., Bird et al. (1988) Science 
242:423-426: and Huston et al. (1988) Proc. Natl.Acad Sci. 
USA 85:5879-5883). Such single chain antibodies are aLso 
intended to be encompassed within the term “antigen- 
binding portion” of an antibody. Other forms of single chain 
antibodies, such as diabodies are also encompassed. Dia- 
bodies are bivaleat. bispecific antibodies in which VH and 
VLdomains are expressed oa a singIe polypeptide chain, but 
using a linker that is too short to allow for pairing between 
the two domains on the same chain, thereby forcing the 
domains to pair with complementary domains of another 
chain and creating two antigen binding sites (see e.g., 
HoUiger, P.. et al. (1993) Proc. Natl. Acad. Sci. USA 
90:6444-6448; Poljak, R. 1.. et al. (1994) Structure 
2:1121-1123). 

Still further, an antibody or antigen-binding portion 
thereof may be part of a larger immuaoadhesion molecules, 
formed by covalent or noncovalent association of the anti- 
body or antibody portioa with one or more other proteins or 
peptides. Examples of such immuaoadhesion molecules 
include use of the streptavidin core region to make a 
tetrameric scFv molecule (Kipriyaoov, S. M., et aI. (1995) 
Human Antibodies and Hybridomas 693-101) and use of a 
cysteine residue, a marker peptide and a C-terminal poly- 
histidioe tag to make bivalent nod biotioylated scFv mol- 
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ecules (Kipriyanov, S. M., et al. (1994) Mol. Zmm~mol. 
31:1047-1058). Antibody Portions, such as Fab ad F(ab’L 
fragments, can be prepared from whole antibodies using 
cooventional techniques, such as papain or pepsin digestion. 
respectively, of whole antibodies. Moreover, antibodies, 
antibody portions and immuooadhesioo molecules can be 
obtained using standard recombinant DNA techniques, as 
described herein. 

The term “human antibody”, as used herein, is intended to 
include antibodies having variable and constant regions 
derived Erom human getmlioe immuooglobulin sequences. 
The human antibodies of the inventions may include amino 
acid residues not encoded by human germline immunoglo- 
bulio sequences (e.g., mutations introduced by random or 
site-specific mutagenesis in vitro or by somatic mutatioo in 
vivo), for example in the CDRs and in particular CDR3. 
However, the term “humao antibody”, as used herein, 15 001 
intended to include antibodies in which CDR sequences 
derived from the germline of another mammalian species, 
such as a mouse, have been grafted onto human framework 
sequences. 

The Lerm “recombinant human dotibody”. as used herem, 
is intended to include all human antibodies that are prepared, 
expressed, created or Isolated by recombinant means, such 
as antIbodies expressed usmg a recombinant expression 
veclor transfected into a host cell (described further in 
Sectioo 11, belo’w), annbodies isolated from a recombinant, 
combmatorisl human antibody library (described further in 
Section III, below), antibodies isolated from an animal (e.g., 
a mouse) that is traosgenic for human immunoglobulio 
genes (see e.g., Taylor, L. D., et al. (1992) Nucf. Acids Rex 
20~6287-6295) or antibodies prepared, expressed, created or 
isolated by any other means that involves splicing of human 
immuooglobulin gene sequences to other DNA sequences. 
Such recombinant human antibodies have variable and con- 
stant regions derived from human germline immuooglobulio 
sequences. In certain embodiments, however, such recom- 
binant human antibodies are subjected to in vitro mutagen- 
esis (or, when an animal transgenic for human Ig sequences 
is used, in vivo somatic mutagenesis) and thus the amino 
acid sequences of the VH and VL. regions of the recombinant 
antibodies are sequences that, while derived from and 
related to human germline VH and VL sequeoces, may q ot 
naturally exist within the human antibody germline reper- 
toire in vivo. 

An “isolated antibody”. as used herein, is intended to refer 
to an anlibody thal is substantially free of other antibodies 
having different aotigeoic specificities (e.g., an isolated 
antibody that specifically binds hTNFa is substantially free 
of antibodies that specilkally bind antigens other than 
hTWa). An isolated aotibody that specifically binds 
hTNFa may, ttowever, have cross-reactivity to other 
antigens, such as TNFa molecules from other species 
(discussed in further detail below). Moreover, an isolaled 
antibody may be substantially free of other cellular material 
and/or chemicals. 

A“neutralizing armbody”, as used hereio (or an “antibody 
that neutralized hTNFa activity”), is intended to refer to ao 
antibody whose binding to hTNFa results in inhibition of 
the biological activity of hTNFa This inhibitioo of the 
biological activity of bTNFa can be assessed by measuring 
one or more indicators of hTNFa biological activity, such as 
hTNFa-induced cytotoxicity (either in vilro or in vivo), 
hTNFa-induced cellular activation and hTNFa binding to 
hTNFa. receptors. These indicators of hTNFa biological 
activity can be assessed by ooe or more of several standard 
in vitro or in vivo assays known in the art (see Example 4). 

8 
Preferably, the ability of an antibody to neutralize hTNFa 
activity is assessed by inhibition of hTNFa-induced cyto- 
toxicity of L929 cells. As an additional or alternative param- 
eter of hTNFa activity, the ability of an antibody to inhibit 
hTNFa-induced expression of ELAM-1 on HUVEC, as a 
measure of hTNFa-induced cellular activation,’ can be 
assessed. 

The term “surface plasmoo resonance”, as used herein, 
refers to an optical phenomenon that allows for the aoalysis 
of real-time biospecific interactions by delectioo of aller- 
ations in protein cooceotratioos within a biosensor matrix, 
for example using the BIAcore system (Pharmacia Biosen- 
sor AB, Uppsaln, Sweden and Piscataway, NJ.). For further 
descriptions, see Example 1 and Joosson, U.. et al. (1993) 
Ann. Biol. Clin. SklQ-26; J&son, U., et al. (1991) Bio- 
fechniquex 11:620-627; Johnsson, B., et al. (1995) J. hiof. 

Recognir. 8:125-131; and Johnnson, B., et al. (1991) Anal. 
Biochem. 198:268-277. 

The term “K 8’. as used herein, is intended to refer to the 
otf rate constaot for dissociation of an antibody from the 
antibody/antigen complex. 

The term “Kd”, as used herein, is intended to refer to the 
dissociatloo constam of a particular antibody-antigeo inter- 
3c11on. 

The term “nucleic acid molecule”, as used herein, is 
inlended to include DNA molecules and RNA molecules. A 
nucleic acid molecule may be single-stranded or double- 
stranded, but preferably is double-stranded DNA. 

30 The term “isolated nucleic acid molecule”, as wed herein 
in reference to nucleic acids encoding antibodies or antibody 
portions (e.g., VH, VL, CDR3) that bind hTNFa, is inteoded 
to refer to a oucleic acid molecule io which the nucleotide 
sequences eocoding the antibody or antibody portion arc 

35 free of other nucleotide sequences encoding antibodies or 
antibody portions that bind antigens other thao hTNFa. 
which other sequences may naturally Bank the nucleic acid 
in human genomic DNA Thus, for example, an isolated 
nucleic acid of the invention encoding a VH regioo of an 

40 anti-ma antibody contains no other sequences encoding 
other VH regions that bind antigens other than TNFa. 

The term “vector”, as used herein, is intended to refer to 
a nucleic acid molecule capable of transporting another 
nucleic acid to which it has been linked. One type of vector 

45 is a “plasmid”, which refers to a circular double stranded 
DNA loop into which additional DNA segmeots may be 
ligated. Another type of vector is a viral vector, wherein 
addiliooal DNA segments may be ligated inlo the viral 
genome. Certain vectors are capable of autonomous repli- 

50 cation io a host cell into which they are introduced (e.g., 
bacterial vectors having a bacterial origin of replication aod 
episomal mammalian vectors). Other vectors (e.g., ~)n- 
episomal mammaliao vectors) can be integrated into the 
genome of a host cell upon introductioo into the host cell, 

55 aod thereby are replicated aloog with the host genome. 
Moreover, certain vectors are capable of directing the 
expression of genes to which they are operatively linked. 
Such vectors are referred to herein as “recombinaat expres- 
sion vectors” (or simply, “expression vectors’). In general, 

60 expression vectors of utility in recombinant DNA techniques 
are often in the form of plasmids. In the presenl 
specification, “plasmid” and “vecto? may be used inter- 
changeably as the plasmid is the most commonly used form 
of vector. However, the invention is intended to include such 

65 other forms of expressioo vectors, such as viral vectors (e.g., 
replicatioo defective retroviruses, adenovuuses and adeno- 
associated viruses), which serve equivalent functions. 
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The term “recombinant host cell” (or simply “host cell”), 
as used herein, is ioteoded to refer to a cell into which a 
recombinant expression vector has been introduced. It 
should be understood that such terms are intended to refer 
not only to the particular subject cell but to the progeny of 5 
such a cell. Because certain modifications may occur in 
succeeding generations due to either mutation or enviroo- 
mental influences, such progeny may not, in fact, be ideo- 
heal IO the parent cell, but are still included within the scope 
of the term “host cell” as used hereio. 10 

Various aspects of the inventioo are described in further 
detail in the following subsections. 
1. Human Antibodies that Bind Human ‘IWFa 

This invention provides isolated human antibodies, or 
antigen-biodiog portioos thereof, that bind to human TNl?a 1s 
with high aflinity. a low off rate and high neutralizing 
capacity. Preferably, the human antibodies of the invention 
are recombioant, q eutralizing human anti-hTNFa aotibod- 
ies. The most preEerred recombinant. neutralizing aotibody 
of the invention is referred to herein as D2E7 and has VLand 20 
VH sequences as showo in FIG. LA, 1B and FIG. 24 2B, 
respectively (the amino acid sequence OF tbe DZE7 VL. 
regton is also shown in SEQ ID NO: 1; the amino acid 
sequence of the D2E7 VH regioo is also shown in SEQ ID 
NO: 2). The bmdiog properties of DZE7, as compared to the 25 
munne anti-h?NFa MAK 195 mAb that exhibits high 
atBoity and slow dissociation kinetics aod another humao 
anti-hTNFa antibody related in sequence to D2E7, 2SD4, 
are summarized below: 

10 
species. For example, the antibody neutralizes the activity of 
at least Eve primate TNFas (chimpanzee, baboon, 
marmoset, cyoomolgus and rhesus) with approximately 
equivalent IC,, values as for neutralization of h’I’NFa (see 
Example 4, subsection E). D2E7 also neutralizes the activity 
of mouse TNFa, although approximately lOOO-fold less 
well than human TNFa (see Example 4, subsection E). 
D2E7 also binds to porcine TNFa. 

IO one aspect, the inventioo pertains to D2E7 antibodies 
and antibody portions, D2E7-related aotibodies and anti- 
body portions, and other human antibodies and aotibody 
portions with equivalent properties to D2E7, such as high 
aflinity binding to hTNFa with low dissociation kinetics and 
high neutralizing capacity. In one embodiment, the invention 
provides an isolated human antibody, or ao antigen-binding 
portion thereof, that dissociates from humao TNFa with a 
K, of 1x10-’ M or less and a Koflrate constant of 1x10-a s-’ 
or less. both determined by surface plasmon resonance, and 
neutralizes human TNFa cytotoxicity in a staodard in vitro 
L929 assay with an IC,, of 1x10-’ M or less. More 
preferably, the isolated human aotibody, or antigen-binding 
portion thereof, dissociates from human TNFa with a K,,rof 
5x10-s-i or IesS. or even more preferably, with a K, of 
1~10~ s-l or less. More preferably, the isolated humao 
aotibody, or antigeo-binding Portion thereol, neutralizes 
humao TNFa cytotoxicity in a standard in vitro L929 assay 
with an IC,, of 1x10-a kl or less, even more preferably wth 
ao IC,, of 1~10~~ M or less and still more preferably wtth 
an IC,, of 1x10-” M or less. In a preferred embodiment, the 
aotibody is an isolated human recombinant aotibody, or an 

D2E7 IgG4 93 x lo-5 117 3.8 x IO 26 x lo-'0 1.2 3.4 x lo-'0 
2sD4 LgG4 8.4 )I lo-' 1 4.2 x ld 2.0 x IO-' 0.8 48 x 10-1~ 
MAK 19s tgG1 s.2 I 10" 141 1.6 x lrf 5.1 x 10-10 1.2 1.7 x lo-" 
MAK 195 F(ab’), 8.7 x lo-’ 133 19 x ld 4.6 x 10-10 1.4 22 x 10-10 

'lCd lC.2~ fkutctic amlvsis bv surface olasmon ~CSOOL~CC as ducribcd in Example 1) 

The DZE7 aotibody, and related antibodies, also exhibit a 
strong capacity to oeutralize h’lNFa activity, as assessed by 
several in vitro and in vivo assays (see Example 4). For 
examph, these antibodies neutralize tiIWFa-induced cyto- 
toxicity of L929 cells with IC,, values in the range of lo-’ 
Iv1 to 10-l’ M. D2E7, when expressed as a full-length IgGJ 
anttbody, neutralizes hTNFa-induced cytotoxicity of L929 
cells with IC,, of 4.7x10-l’ M. Moreover, the oeutralizing 
capacity of D2E7 is maintained when the antibody is 
expressed as a Fab, F(ab’), or scFv Engmeot. D2E7 also 
inhibits TNFa-induced cellular activation, as measured by 
hTNFa-induced ELAM-1 expressioo oo HUVEC (1&=6x 
10-i’ M), and bioding of hTNFa to hTNFa receptors oo 
U-937 cells (IC,,=3xlO- ” M). Regarding the latter, D2E7 
ink&us the bindiog OF hTNFa to both the p60 and ~80 
hTNFa receptors. Furthermore, the antibody inhibits 
hTNFa-induced lethality in vivo io mice (ED,,=l-2.5 
+rgmouse). 

Regarding the binding specificity of D2E7, this aotibody 
binds to human TNFa in various forms, including soluble 
hTNFa, transmembrane hTNFa and hTNFa bouod to cel- 
lular reLzptors. DZE7 does oot specifically bind to other 
cytokines. such as lymphotoxio (WFP), IL-la, IL-@, IL-2, 
IL-4, IL-6, IL-& IFNy aod TGFS. However, D2E7 does 
axhtbit crossreactivity to tumor necrosis factors horn other 
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antigen-binding portion thereof. In another preferred 
embodiment, the aotibody also neutralizes ‘INFa-induced 
cellular activatioo, as assessed using a standard in vitro 
assay for TNFa-induced ELAM-1 expression on human 
umbilical vein endothelial cells (HUVEC). 

Surface plasmoo resonance analysis for determining K, 
and K, can be performed as described io Example 1. A 
standard in vitro L929 assay for determining IC,u values is 
described in Example 4, subsection A. A standard in vitro 
say for TNFa-induced ELAM-1 expreasioo on human 
umbilical vein endothelial cells (HUVEC) is described in 
Example 4, subsectioo C. Examples of recombinant human 
antibodies that meet, or are predicted to meet, the afore- 
mentioned kinetic and oeutralization criteria ioclude anti- 
bodies having the following [VH/VL] pairs, the sequences 
of which are shown io FIGS. IA, lB, 2A and 2B (see also 
Examples 2.3 and 4 for kinetic and aeuttalizatioo analyses): 
[D2E7 VH/D2E7 VL]; [HD2E7+.Al/D2E7 VL], 
[HD2E7*.A2/D2E7 VL], [HD2E7*.A3/D2E7 VL], 
[HDZE7‘.A4/D?,E7 VL], [HD2E7’.AS/D2E7 VL], 
[HD2E7*.A6/D2E7 VL], [HD2E7*.A7/D2E7 VL]. 
[HD2E7*.AWD2E7 VL], [HD2E7’.A9/D2E7 VL], [D2E7 
VH/LD2E7*.Al], [D2E7 VH/LD2E7*.A4], [D2E7 
VH/LD2E7*.AS]. [D2E7 VH/LD2E7*.A7], [D2E7 
VH/LD?E7’.Ag], [HD2E7’.A9/LD2E7’.Al], [VHI- 
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D2LOE7], [VHl-D2.N/LOE7.T]. [VHl-DZ.Y/LOE7.A], 
[~E;]D2.N/LOE7.A]. [VHl-DUEP B12] and UC-W 

It is well known in the art that antibody heavy and light 
chain CDR3 domains play an important role in the binding 
specificity/affinity of an antibody for an antigen. 
Accordingly. in another aspect, the inventioo pertains to 
human anttbodies that have slow dissociatioo kinetics for 
association with hTNFa and that have tight and heavy chain 
CDR3 domains that structurally are identical to or related to 
those OF D2E7. As demonstrated in Example 3, position 9 of 
the D2E7 VL CDR3 can be occupied by Ala or Thr without 
substantially affecting the K Accordingly, a consensus 
motif for the D2E7 VL CDb comprises the amino acid 
sequence: Q-R-Y-N-R-A-P-Y-(T/A) (SEQ ID NO: 3). 
Additionally, position 12 of the DZE7 VH CDR3 can be 
occupied by Tyr or Aso, without substantially affecting the 
K, Accordingly, a consensus motif for the D2E7 VH 
Cl%3 comprises the amino acid sequence: V-S-Y-L-S-T-A- 
S-S-L-D-(Y/N) (SEQ ID NO: 4). Moreover, as demoo- 
strated in Example 2, the CDR3 domain of the D2E7 heavy 
and light chains is amenable to substitutron with a single 
alanine residue (at positioo 1, 4, 5, 7 or 8 within the VL 
CDR3 or at position 2, 3, 4, 5, 6, 8, 9, 10 or 11 within the 
VH CDR3) wuhout substantially atfecting the K, Still 
further, the skilled artisan will appreciate that, given the 
amenability of the D2E7 VL, and VH CDR3 domams to 
substrtutlons by alanine, substitution of other amino acids 
within the CDR3 domains may be possrble while still 
retaining the low off rate constant of the antibody, in 
particular substitutions wtth conservative amino acids. A 
“conservative ammo acid substitution”, as used herein, is 
one in which one amino acid residue is replaced with another 
amino acid residue having a similar side chain. Families of 
amino acid residues having similar side chains have been 
defined in the art, including basic side chains (e.g., lysine, 
arginine. histidine). acidic side chains (e.g., aspartic acid, 
glutamic acid), uncharged polar side chains (e.g., glycine, 
asparagine. glutamine, serine, threonine, tyrosine, cysteine). 
nonpolar side chains (e.g., alanine, valine, leucine. 
isoleuciae, proline, pbenylalanine, methionine, tryptophan). 
beta-branched side chains (e.g., threonine, valine. 
isoleucine) and aromatic side chains (e.g., tyrosine, 
phenylalanioe, tryptophan, histidine). Preferably, no more 
than one to five conservative amino acid substitutions are 
made within the D2E7 VL and/or VH CDR3 domains. More 
preferably, no more than one to three conservative amino 
acid substitutions are made within the D2E7 VL and/or VH 
CDR3 domains. Additionally, conservative amino acid sub- 
stitutions should not be made at amino acid positions critical 
for binding tn hTNFa As shown in Example 3, positions 2 
and 5 of the D2E7 VL CDR3 and positions 1 and 7 of the 
D2E7 VH CDR3 appear to be critical for interactioo with 
hTNFa and thus. conservative amino acid substitutions 
preferably are not made at these positions (although an 
alanine substitution at position 5 of the D2E7 VL CDR3 is 
acceptable, as described above). 

Accordingly, in another embodiment, the invention pro- 
vides an isolated human antibody, or antigen-binding por- 
tion thereof, with the following characteristics: 

a) dissociates from human TNFa with a K,.rate mnstant 
of lxlO-‘~-~ or less, as determined by surface plasmon 
resonance; 

b) has a tight chain CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 3, or modilied from SEQ 
ID NO: 3 by a single alanine substitution at position 1. 
4, 5. 7 or 8 or by one to Eve conservative amino acid 
substitutions at positions 1, 3, 4, 6, 7, 8 and/or 9; 
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12 
c) has a heavy chain CDR3 domain comprising the amino 

acid sequence of SEQ ID NO: 4, or modified Erom SEQ 
ID NO: 4 by a single alanine substitution at position 2. 
3,4,5,6,8,9,10 or 11 or by one to hve conservative 
amino acid substitutions at positions 2.3,4,5,6.8.9. 
10. 11 and/or 12. 

More preferably, the antibody, or antigen-binding portion 
thereof, dissociates from human TNFa with a &of 5x10-’ 
s-’ or less. Even more preferably, the antibody, or antigea- 
bin$ng portion thereof, dissociates from human TNFa with 
a K, of 1x10-’ s-i or less. 

In yet another embodiment, the invention provides an 
isolated human antibody, or an antigen-binding portion 
thereof, with a light chain variable region (LCVR) having a 
CDR3 domain comprising the amino acid sequence of SEQ 
lD NO: 3. or moditied from SEQ ID NO: 3 by a single 
ala&e substitution at position 1, 4, 5. 7 or 8, and with a 
heavy chain variable region (HCVR) having a CDR3 
domain comprising the amino actd sequence of SEQ 10 NO: 
4, or modified from SEQ ID NO: 4 by a smgle alanine 
substitution at position 2,3,4.5,6,8,9, 10 or 11. Preferably. 
the LCVR further has a CDR2 domain comprising the amino 
acid sequence of SEQ ID NO: 5 (i.e., the D2E7 VL CDR2) 
and the HCVR further has a CDR2 domain comprising the 
amino acid sequence of SEQ ID NO: 6 (i.e., the D2E7 VH 
CDR2). Even more preferably, the LCVR further has CDRI 
domain comprising the amino actd sequence of SEQ ID NO: 
7 (i.e., the D2E7 VL CDRl) and the HCVR has a CDRI 
domain comprising the amino acid sequence of SEQ ID NO. 
8 (i.e., the D2E7 VH CDRl). The framework regions for VL 
preferably are from the V,I human germline family, more 
preferably From the A20 human germline Vk gene and most 
preferably from the D2E7 VL framework sequences shown 
in FIGS. LA and 1B. The framework regions for VH 
preferably are from the V$ human germline family, more 
preferably from the DP-31 human germline VH gene and 
most preferably from the D2E7 VH framework sequences 
shown in FIGS. 2A and 2B. 

In still another embodiment, the invention provides an 
isolated human antibody, or an antigen binding portion 
thereof, with a light chain variable region (LCVR) compris- 
ing the amino acid sequence of SEQ ID NO: 1 (i.e., the 
D2E7 VI.) and a heavy chain variable region (HCVR) 
comprising the amino acid sequence of SEQ 1D NO: 2 (i.e., 
the D2E7 VH). In certain embodiments, the antibody com- 
prises a heavy chain constant region, such as an IgGl, IgG2, 
IgG3, IgG4. IgA, IgE. IgM or IgD constant region. 
Preferably, the heavy chain constant region is an IgGl heavy 
chain constant region or an IgG4 heavy chain constant 
region. Furthermore, the antibody can comprise a light chain 
constant region, either a kappa light chain mnstant region or 
a lambda light chain constant region. Preferably, the aoti- 
body comprises a kappa light chain constant region. 
Alternatively, the antibody portion can be, for example, a 
Fab fragment or a single chain Fv fragment. 

In still other embodiments, the invention provides an 
isolated human antibody, or an antigen-binding portions 
thereof, having D2E7-related VL and VH CDR3 domains, 
for example, antibodies, or antigen-binding portions thereof. 
with a light chain variable region (LCVR) having a CDR3 
domain comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO: 3, SEQ ID NO: 11, 
SEQ ID NO: 12. SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID 
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,SEQ ID NO: 18, 
SEQ ID NO: 19, SEQ ID NO: 20. SEQ ID NO: 21. SEQ ID 
NO: 22, SEQ 1D NO: 23, SEQ ID NO: 24. SEQ ID NO: 25 
and SEQ ID NO: 26 or with a heavy chain variable region 
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(HCVR) having a CDR3 domain comprising an amino acid 
sequence selected Goni the group consisting of SEQ ID NO: 
4, SEQ ID NO: 27, SEQ ID NO: 28. SEQ ID NO: 29, SEQ 
ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 
33, SEQ ID NO: 34 and SEQ ID NO: 35. 5 

IO yet another embodiment, the invention provides a 
human antibody, or antigen-binding portion thereoc that 
neutralizes the activity of human TNFa, chimpanzee TNFa 
and at least one additional primate TNFu selected Gom the 
group consisting of baboon TNFa, marmoset TNFa, cyno- IO 
molgus TNFa and rhesus TNFa. Preferably, the antibody, or 
antigen-binding portion thereof, neutralizes the human, 
chimpanzee and/or additional primate TNFa in a standard in 
vitro L929 assay with an IC,, of 1~10~ M or less, more 
preferably 1x10-’ M or less, even more preferably 1x10-i 15 
M or less and still more preferably 1x10-” M or Less. In one 
subembodiment, the antibody also neutralizes the activtty of 
mouse TNFa, preferably in a standard in vitro L929 assay 
with an IC,, of 1~10~~ M or les,, more preferably 1x10-’ 
M or less and even more preferably 1x10-” M or less. In 20 
another subembodiment, the antibody also neutralizes the 
activity of pig TNFu, preferably with an IC,, of 1x10-’ M 
or less, more preferably 1x10-’ M or less and even more 
preferably 1x10-a M or less. In another preferred 
subembodiment, the antibody is a recombinant antibody 25 

An antibody or antibody portion of the invention can be 
derivatizrd or linked to another functional molecule (e.g., 
another peptide or protein). Accordingly, the antibodies and 
antibody portions of the invention are intended to include 
derivatized and otherwise modified forms of the human 30 
anti-hTNFa antibodies described herein, includmg irnmu- 
noadhesion molecules. For example, an antibody or anti- 
body portion of the invention can be functionally linked (by 
chemical coupling, genetic fusion, noncovalent association 
or otherwise) to one or more other molecular entities, such 35 
as another antibody (e.g., a bispecific antibody or a 
diabody), a detectable agent, a cytotoxic agent, a pharma- 
ceutical agent, and/or a protein or peptide that can mediate 
associate of the antibody or antibody portion with another 
molecule (such as a streptavidin core region or a polyhisti- 40 
dine tag). 

One type of derivatized antibody is produced by 
crosslinking two or more antibodies (of the same type or of 
different types, e.g., to create bispecific antibodies). Suitable 
crosslinkers include those that are hetembifunctional. hav- 45 
ing two distinctly reactive groups separated by an appropri- 
ate spacer (e.g., m-maieimidobenzoyl-N- 
hydroxysuccinimide ester) or homobifunctional (e.g., 
disuccinimidyl suberate). Such linkers are available from 
Pierce Chemical Company, Rockford, IlL 50 

Useful detectable agents with which an antibody or anti- 
body portion of tbe invention may be derivatized include 
fluorescent compounds. Exemplary fluorescent detectable 
agents include fluorescein, tluorescein isothiocyanate, 
rhodamine , 5-dimethylamine-l-napthalenesulfonyl ss 
chloride, phycoerythrin and the like. An antibody may also 
be derivatized with detectable enzymes, such as alkaline 
phosphatase, horseradish peroxidase, glucose oxidase and 
the like. When an antibody is derivatized with a detectable 
enzyme, it is detected by adding additional reagents that the 60 
enzyme uses to produce a detectable reaction product. For 
example, when the detectable agent horseradish peroxidase 
is present, the addition of hydrogen peroxide and diami- 
nobenzidine leads to a colored reaction product, which is 
detectable. An antibody may also be derivatized with biotin, 65 
and detected through indirect -measurement of avidin or 
streptavidin binding. 

14 
II. Expression of Antibodies 

An antibody. or antibody portion, of the invention can be 
prepared by recombinant expression of immunoglobulin 
light and heavy chain genes in a host cell. To express an 
antibody recombinantly. a host cell is transfected with one or 
more recombinant expression vectors carrying DNA Gag- 
merits encoding the immunoglobulin light and heavy chains 
of the antibody such that the light and heavy chains are 
expressed in the host cell and, preferably, secreted into the 
medium in which the host cells are cultured, Gom which 
medium the antibodies can be recovered. Standard recom- 
binant DNA methodologies are used obtain antibody heavy 
and light chain genes, incorporate these genes into recom- 
binant expression vectors and introduce the vectors iolo host 
cells, such as those described in Sambrook, Fritsch and 
Maniatis (eds). Molecular Clonir~g; A Laboratory Manual, 
Second E&ion, Cold Spring Harbor, N.Y., (1989), Ausubel, 
F. M. et al. (eds.) Current Prorocols in Molecular Biology, 
Greene Publishine Associates. (19891 and in U.S. Pat. No. 
4,816,397 by BOG et al. . ’ 

To express D2E7 or a D2E7-related anttbody. DNA 
fragments encoding the tight and heavy chain variable 
regions are first obtained. These DNAs can be obtained by 
amplification and modification of germline light and heavy 
chain variable sequences using the polymerast: chain reac- 
tion (PCR). Germhoe DNA sequences for human heavy and 
light chain variable region genes are known ui the art (see 
e.g., the “Vbase” human germline sequence database; see 
also Kabat, E. A., et al. (1991) Sequences ofPro~etns of 
Immunological Imerest, Fifill Edirlon, U.S. Department of 
Health and Human SetvIces, NIH Publication No. 91-3242; 
Tomlinson. I. M., et aL(1992) “The Repertoire of Human 
Germline V, Sequences Reveals about Fiiy Groups of V,, 
Segments with Different Hypervariable Loops”J. Mol. Biol. 
227:776-798; and Cox, J. P. L. et al. (1994) “ADirectory of 
Human Germ-line V, Segments Reveals a Strong Bias in 
their Usage” Eul: J. ImmunoL 24:827-836; the contents of 
each of which are expressly incorporated herein by 
reference). To obtain a DNA fragment encoding the heavy 
chain variable region of D2E7, or a D2E7-related antibody, 
a member of the Vd family of human germline VH genes 
is ampliGed by standard PCR. Most preferably, the DP-31 
VH germline sequence is amplified. To obtain a DNA 
fragment encoding the light chain variable region of D2E7, 
or a D2E7-related antibody, a member of the V,I family of 
human germline VL genes is amplified by standard PCR. 
Most preferably, the A20 VL germiine sequence is ampli- 
fied. PCR primers suitable for use in amplifying the DP-31 
germline VH and A20 germline VL sequences can be 
designed based on the nucleotide sequences disclosed in the 
references cited supra. using standard methods. 

Once the germline VI-I and VL fragments are obtained, 
these sequences can be mutated to encode the D2E7 or 
D2E7-related amino acid sequences disclosed herein. The 
amino acid sequences encoded by the germline VH and VL 
DNA sequences are first compared to the D2E7 or D2E7- 
related WI and VL amino acid sequences to identify amino 
acid residues in the D2E7 or D2E7-related sequence that 
dilTer from germline. Then, the appropriate nucleotides of 
the germline DNA sequences are mutated such that the 
mutated germline sequence encodes the D2E7 or D2E7- 
related amino acid sequence, using the genetic code to 
determine which nucleotide changes should be made. 
Mutagenesis of the germline sequences is carried out by 
standard methods, such as PCR-mediated mutagenesis (in 
which the mutated nucleotides are incorporated into the PCR 
primers such that the PCR product contains the mutations) 
or sitedirected mutagenesis. 
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Once DNA fragments encoding D2E7 or D2E7-related both genes are inserted intn the same expression vector. The 
VH and VL segmeots are obtained (by amplihcation aod antibody genes are inserted into the expression vector by 
mutagenesis of germline VH and VL genes, as described standard methods (e.g., ligation of complementary restric- 
above), these DNA fragments can be further manipulated by tioa sites oo the antibody gene fragment and vector, or blunt 
standard recombinant DNA techniques, for example to con- 5 end ligation if no restriction sites are present). Prior to 
vert the variable region geoes to full-length antibody chain insertioo of the D2E7 or D2E7-related light or heavy chain 
genes, to Fab fragment geoes or to a scFv gene. In these sequences, the expression vector may already carry antibody 
manipulations, a VL- or VI-l-encoding DNA fragment is constant region sequences. For example, one approach to 
operatively linked to another DNA fragment eocoding converting the D2E7 or DZE7-related VI-I and VLsequences 
another protein, such as an antibody constant region or a IO to full-length aotibody genes is to insert them into expres- 
Rexible linker. The term “operatively linked”, as used io this sioo vectors already encoding heavy chain constant and light 
context, is intended to meao that thetwo DNAtiagments are chain constant regions, respectively, such that the VH seg- 
joined such that the amino acid sequences encoded by the meot is operatively linked to the CH segment(s) within the 
two DNA fragments remain in-frame. vector and the VI, segment is operatively linked lo the CL 

The isolated DNA encodiog the VH regioo can be coo- 1s segment within the vector. Additionally or alternatively. the 
verted to a full-leogtb heavy chain gene by operatively recombinant expression vector can encode a signal peptide 
hnlcing the W-eomding DNA to aoother DNA molecule that facilitates secretion of the antibody chaio from a host 
encoding heavy chain coostant regions (CHl. CH2 and cell. The aotibody chaio gene can be cloned into the vector 
CH3). The sequences of human heavy chain constant region such that the srgoal peptide is linked in-frame to the amtoo 
genes are known in the art (see e.g., Kabat, E. A., el al. 20 terminus of the antrbody chain gene. The sigoal peptide can 
(1991) Sequences of Proreins of Immunological Merest, be an immunoglobulin signal peptide or a heterologous 
Fifih Edirion. U.S. Department of Health and Humao signal peptide (i.e., a signal peptide from a noo- 
Services, NIH Publication No. 91-3242) and DNA bag- immuooglobulin protein). 
merits encompassing these regions can be obtained by In addition to the antibody chain genes, the recombinant 
standard PCR amphhcatioo. The heavy char0 coostaot zs expression vectors of the invention carry regulatory 
regioo can be an IgGl, IgG2, IgG3. IgG4, IgA, 1gE. IgM or sequences thatcontrol the expression of the aotibody chain 
IgD constant regioo, but most preferably is an lgC1 or IgC4 genes in a host cell. The term “regulatory sequence” is 
coosttrat region. For a Fab fragment heavy chain geoe. the intended to includes promoters, enhancers and other expres- 
VH-encoding DNA can be operatively linked to another sion cootrol elements (e.g., polyadenylation signals) that 
DNA molecule encoding ooly the heavy chain CHl constant 30 control the transcription or translation of the antibody chain 
region. genes. Such regulatory sequences are described, for 

The isolated DNA eomding the VL regioo cao be coo- example, in Goeddel; Gene Expression khno~ogy. Mefh- 
verted to a full-length tight chain gene (as welI as a Fab light ads in Etymology 185, Academic Press, San Diego, Calif. 
chaio gene) by operatively linking the VL-eoccding DNA to (1990). It will be appreciated by those skilled io the art that 
soother DNA molecule encoding the tight chain constant 35 the design of the expressioo vector, including the selectioo 
region, CL. The sequences of human light chain coostaot of regulatory sequences may depend on such factors as the 
regioo genes are know0 in the art (see e.g., Kabat, E. A, et choice of the host cell to be transformed, the level of 
al. (1991) Sequences cyfProreins of Immunological Interest, expressioo of protein desired, etc. Preferred regulatory 
Fifih Edirion, U.S. Departmeot of Health and Human sequences for mammalian host cell expression include viral 
Services, NIH Publicatioo No. 91-3242) and DNA &ag- 40 elements that direct high levels of protein expressioo in 
merits eocompassing these regions can be obtained by mammalian cells, such as promoters and/or enhancers 
staodard PCR amplification. The light chain mnstaot regioo derived from cytomegalovirus (CMV) (such as the CMV 
can be a kappa or lambda conshot regioo, but most prefer- promoter/eohaocer), Simiao Virus 40 (SWO) (such as the 
ably is a kappa constant region. SV40 promotedeohancer), adeoovirus, (e.g., the adeoovirus 

TO create a scFv gene, the VH- aod VL-encoding DNA 45 major late promoter (AdMLP)) and polyoma. For further 
fragments are operatively linked to another fragment eocod- descriptioo of viral regulatory elemeots, and sequences 
ing a flexible tinker, e.g., eocoding the amino acid sequence thereof, see e.g., U.S. Pat. No. 5J68.062 by Stinski. U.S. 
(Gly,-Ser),, such that the VI-I and VL sequences can be Pat. No. 4.510,245 by Bell et al. and U.S. Pat. No. 4.968,615 
expressed as a contiguous single-chaio protein, with the VL by Schaffner et al. 
and VH regions joined by the Bexrble linker (see e.g.. Bird 50 In addition to the aotrbody chain genes and regulatory 
et al. (1988) Science 2424X5-426; Hustoo et al. (1988) sequences, the recombinant expression vectors of the inven- 
Pnx. NatL Acad. Sci. USA 855879-5883; McCafferty et al.. tion may carry additional sequences. such as sequeoces that 
Nature (1990) 348:552-554). regulate replication of the vector in host cells (e.g., origins 

To express the aotibodies, or antibody portions of the of replicatioo) aod selectable marker genes. The selectable 
inveotioo, DNhs eocodmg partial or full-length light and 5s marker gene facilitates selection of host cells into which the 
heavy chains, obtained as described above, are inserted into vector has been introduced (see e.g., U.S. Pat. Nos. 4,399, 
expressron vectors such that the genes are operatively linked 216, 4,634,665 and $179,017, alI by Axe1 et al.). For 
10 transcriptiooal and trsnslatiooal motrol sequences. IO this example, typically the selectable marker gene confers resis- 
context, the term “operatively linked” is intended to mean taoce to drugs, such as G418, hygromycin or methotrexate, 
that ao aotibody gene is ligated ioto a vector such that 60 on a host cell into which the vector has been introduced. 
transcriptional and translational control sequeoces withio Preferred selectable marker genes include the dihydmfolate 
the vector serve their intended function of regulating the reductase (DHFR) gene (for use in dhfr- host cells with 
transcription and translatioo of the antibody gene. The metbotrexate selection/amplilicatioo) and the neo gene (for 
expression vector and expression control sequences are (3418 selection). 
C~OSCO to be compatible with the expression host celI used. 65 
The antibody light chain gene aod the antibody heavy chain 

For expression of the light and heavy chains, the expres- 
sion vector(s) eocodiog the heavy and tight chains is trans- 

gene can be inserted into separate vector or, more typically, fected into a host ceU by standard techniques. The various 
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forms of the term “transfectioo” are intended to encompass In view of the foregoing, another aspect of the invention 
a wide variety of techniques commonly used for the intro- pertains to nucleic acid, vector and host cell compositions 
duction of exogenous DNA into a prokaryotic or euhryotic that can be used for recombinant expression of the antibod- 
host cell, e.g., eiectroporation. calcium-phosphate ies and antibody portions of the invention. ‘Ihe nucleotide 
precipitation, DEAE-dextran transfection and the like. s sequence encoding the D2E7 light chain variable region is 
Although it is theoretically possible IO express the antibodies shown in FIG. 7 and SEQ ID NO: 36. The CDRl domain of 
of the invention in either prokaryotic or eukaryotic host the LCVR encompasses nucleotides 70-lU2, the CDR2 
celIs, expression of aohbodies in eukaryotic cells, and most domain encompasses auckotides 148-168 and the CDR3 
preferably mammalian host cells, is the most preferred 
because such eukaryotic cells, and in particular mammalian 

domain encompasses nuclcotides 265291. The nucleotidc 

cells, are more likely than prokaryotic cells to assemble and 
IO sequence encoding the D2E7 heavy chain variable region is 

secrete a properly folded and immunologically active anti- shown in FIG. 8 and SEQ ID NO: 37. The CDRl domain of 

body. Pmkaryotic expression of antibody genes has been the HCVR encompasses nucleotides 91-105, the CDR2 

reported IO be inelfective for production of high yields of domain encompasses q ucleotides 148-198 and the CDR3 
active antibody (Boss, M. A. and Wood, C. R. (1985) domain encompasses aucleotides 295-330. It will be appre- 
Immunology Today 6:12-13). 15 ciated by the skilled artisan that nucleotide sequences eacod- 

Preferred mammalian host cells for expressing the recom- iog D?E7-related antibodies, or portions thereof (e.g., a 
binaot antibodies of the invention include Chinese Hamster CDR domain, such as a CDR3 domain), can be derived from 
Ovary (CHO cells) (including dhh- CHO cells, descnbecl in the nucleotide sequences encoding the D2E7 LCVR and 
Urlaub and Chasm, (1980) Pruc. Nnri. Acad. Sci. USA HCVR using the genetic code and standard molecular biol- 
77:4216427-O, used wuh a DHFR selectable marker, e.g.. as 20 ogy techniques. 
described in R. J. Kaufman and P.A. Sharp (1982)fifoL Biol. In one embodiment, the invention provides an isolated 
1.59:601-621), NSO myeloma cells, COS cells and SP2 oucleic acid encoding a light chain CDK3 domaio compris- 
cells. When recombinant expression vectors encoding aoti- iag the amino acid sequence of SEQ ID NO: 3 (i.e.. the 
body genes are introduced into mammalian host cells, the D2E7 VL CDR3), or modihed from SEQ ID NO: 3 by a 
antibodies are produced by cultunag the host cells for a 25 single alaniae substitution at position 1,4,5,7 or 8 or by one 
period of time sufficient to allow for expression of the to five conservative amino acid substitutions at positions 1, 
antibody in the: host cells or, more preferably, secretion of 3, 4,6, 7, 8 and/or 9. This nucleic acid can encode only the 
the antibody into the culture medium m which the host cells CDR3 re@oo or, more preEerably, encodes an entire anti- 
are grown. Antibodies can be recovered from the culture body tight chain variable region (LCVR). For example, the 
medium usmg standard protein purification methods. 30 nucleic acid can encode an LCVR having a CDR? domain 

Host cells can also be used to produce portions of intact comprising the amino acid sequence of SEQ ID NO: 5 (i.e., 
antibodies, such as Fab fragments or scFv molecules. It will the D2E7 VL CDR2) and a CDRl domain comprising the 
be understood that variations on the above procedure are amino acid sequence of SEQ ID NO: 7 (i.e., the D2E7 VL 
within the scope. of the present invention. For example, it CDRl). 
may be desirable to transfect a host ceil with DNAencoding 35 In another embodiment, the invention provides an isolated 
either the light chain or the heavy chain (but not both) of an nucleic acid encoding a heavy chain CDR3 domain com- 
antibody of this invention. Recombinant DNA technology prising the amino acid sequence of SEQ ID NO: 4 (i.e., the 
may also be used to remove some or al1 of the DNA D2E7 VH CDIU), or modified from SEQ ID NO: 4 by a 
encoding either or both of the light and heavy chains that is singIe alanine substitution at position 2,3,4,5,6.8, 9, 10 
not necessary for binding to hTNFa. The molecules 40 or 11 or by one to five conservative amino acid substitutions 
expressed t?om such truncated DNA molecules are also at positions 2,3,4,5, 6, 8. 9, 10. 11 and/or 12. This nucleic 
encompassed by the antibodies of the invention. In addition, acid can encode only the CDR3 region or, more preferably, 
bifunctional antibodies may be produced in which one heavy encodes an entire antibody heavy chain variable region 
and one light chain are an antibody of the invention and the (HCVR). For example, the nucleic acid can encode a HCVR 
other heavy and light chain are specific for an antigen other 45 having a CDRZdomain comprising the amino actd sequence 
than hTNFu by crosslinking an antibody of the invention to of SEQ ID NO: 6 (i.e., the D2E7 VH CDR2) and a CDRl 
a secood antibody by standard chemical cms&king meth- domain comprising the amino acid sequence of SEQ ID NO: 
OdS. 8 (i.e., the D2E7 VH CDRl). 

lo a preferred system for recombinaot expressioo of an In yet another embodiment, the invention provides iso- 
antibody. or antigen-binding portion thereof, of the 50 lated nucleic acids encoding a D2E7-related CDR3 domain, 
invention, a recombinant expression vector encoding both e.g., comprising an amino acid sequence selected fmm the 
the antibody heavy chain and the antibody light chain is group consisting of: SEQ ID NO: 3. SEQ ID NO 4, SEQ ID 
introduced into dhh-CHO cells by calcium phosphate- NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, 
mediated transfection. Withio the recombinant expression SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID 
vector, the antibody heavy and light chain genes are each 55 NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, 
operatively linked to CMV enhancer/AdMLP promoter SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID 
regulatory elements to drive high levels of transcription of NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, 
the genes. The recombinant expression vector also carries a SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID 
DHFR gene, which allows for selection of CHO cells that NO: 32. SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 
have been transfected with the vector using methotrexate 60 35. 
sclectioa/amplitication. The selected transformant host cells In still another embodiment, the invention provides an 
are culture to allow for expression of the antibody heavy and isolated nucleic acid encoding an antibody light chain vari- 
light chains and intact antibody is recovered from the culture able region comprising the amino acid sequence of SEQ ID 
medium. Standard molecular biology techniques are used to NO: 1 (i.e., the D2E7 LCVR). Preferably this nucleic acid 
prepare the recombinant expression vector, transfect the host 65 comprises the nucleotide sequence of SEQ ID NO: 36, 

cd% select for transformants, culture the host cells and although the skilled artisan wiI1 appreciate that due to the 
recover the antibody fmm the culture medium. degeneracy of the genetic code, other aucleotide sequences 
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can encode the amino acid sequence of SEQ ID NO: 1. The 59:3576-3580; Garrad et al. (1991) BiolTkhn~bgy 
nucleic acid can encode only the LCVR or can also encode 9:1373-1377; Hoogenboom et al. (1991) Nut Acid R~s 
an antibody light chain constant region, operatively linked to 19:4133-4137; and Barbas et al. (1991) PNAS 
the LCVR. In one embodiment, this nucleic acid is in a 88:7978-7982. 
recombinant expression vector. 5 In a preferred embodiment, to isolate human antibodies 

IO still another embodiment, the invention provides an with high affinity and a low oE rate constant for hTNFa, a 
isolated nucleic acid encoding an antibody heavy chain murine anti-hTNFa antibody having high affimty and a low 
variable region comprising the amino acid sequence of SEQ off rate constant for hTNFa (e.g., MAK 195, the hybridoma 
ID NO: 2 (i.e.,, the D2E7 HCVR). Preferably this nucleic for which has deposit number ECACC 87 050801) is first 
acid comprises the nucleotide sequence of SEQ ID NO: 37, 10 used to select human heavy and light chain sequences 
although the skilled artisan will appreciate that due to the having similar binding activity toward hTNFa, using the 
degeneracy of the genetic code, other nucleotide sequences epitope imprinting methods described in Hoogenboom et al.. 
can encode the amino acid sequence of SEQ ID NO: 2. The PCT Publication No. WO 93/06213. The antibody libraries 
nucleic acid can encode only the HCVR or can also encode used in this method are preferably scFv libraries prepared 
a heavy chain constant region, operatively linked to the 15 and screened as described in McCafferty et al., PCT Publi- 
HCVR. For example, the nucleic acid can comprise an lgG1 catton No. WO 92101047, McC&ferty et al., Nul~re (1990) 
or lgG4 constant region. la one embodiment, this nucleic 348:552-554; and %riffitbs et al., (1993) EMBO J 
acid is in a recombinant expression vec!or. 12:725-734. The scFv antibody libraries preferably are 

The invention also provides recombinant expression vec- screened using recombinant human TNFa as the antigen. 
tors encoding both an antibody heavy chain and an antibody 20 Once initial human VL and VH segments are selected, 
light chain. For example, in one embodimeot, the invention “mix and match” experiments, in which diRerent pairs of the 
provides a recombinant expression vector encoding: initially selected VL and VH segments are screened for 

a) ao antibody light chaio havmg a variable region com- hTNFa binding, are performed to select preferred V’LVH 
prising the amino acid sequence of SEQ ID NO: 1 (i.e., pair combinations. Additionally, to further improve the 
the D2E7 LCVR); and zs ahinity and/or lower the off rate constant for hTNFa 

b) an antibody heavy chain having a variable region binding, the VL and VH segments of the preferred VIJ’VH 
comprising the ammo acid sequence of SEQ ID NO: 2 pair(s) can be randomly mutated, preferably within the 
(i.e., the D2E7 HCVR). CDR3 regron oEVH and/or VL, in a proces analogous to the 

The invention also provides host cells into which one or in viva somatic mutation process responsible for ahinity 
more of the recombmant expression vectors of the mvention so maturatron of antibodies during a natural immune response. 
have been introduced. Preferably, the host cell is a mam- This in vitro allinity maturation can be accomplished by 
malian host cell, more prelerably the host cell is a CHO cell, amplifying VH and VL regions using PCR primers compli- 
an NSO cell or a COS cell. Still further the invention meotary to the VH CDR3 or VL CDR3, respectively, which 
provides a method of synthesizing a recombinant human primers have been “spiked” with a random mixture of the 
antibody of the invention by culturing a host celI of the 35 four nucleotide bases at certain positions such that the 
inveotioo in a suitable culture medium until a recombinant resultant PCR products encode VH and VL segments into 
human antibody of the invention is synthesized. The method which random mutations have been introduced into the VH 
can further comprise isolating the recombinant human aoti- and/or VL CDlZ3 regions. These randomly mutated VH and 
body from the culture medium. VI. segmeots can be rescreened for binding to hTNFa and 
III. Selection of Recombinant Human Antibodies 40 sequences that exhibit high alhnity and a low off rate for 

Recombinant human aotibodies of the invention in addi- hTNFa binding can be selected. 
tion to the D2E7 or DZE7-related antibodies disclosed Following screening and isolation ol an anti-hTNFa 
hereio can be isolated by screening of a recombinant cnm- antibody of the invention from a recombinant immunoglo- 
binatorial antibody library, preferably a scFv phage display bulio display library, nucleic acid encoding the selected 
library, prepared using humao VL and VH cDNAs prepared 45 antibody can be recovered ftom the display package (e.g., 
from mRNAderived from human lymphocytes. Methodolo- Erom the phap genome) and subcloned into other expres- 
gies for preparing and screening such libraries are known io sion vectors by standard recombinant DNA techniques. If 
the art. In additioo to commercially available kits Eor gen- desired, the nucleic acid can be further manipulated to create 
erating phage display hbraries (e.g., tbe Phannacia Recum- other antibody formsof the inventioo (e.g., linked to nucleic 
binanf Phase Antibody System, catalog no. 27-9400-01; and %I acid encoding additional immunoglobuhn domains, such as 
the Stratagene SurfZAP7H phase display kit, catalog no. additiooal constant regions). To express a recombinant 
240612), examples of methods and reagents particularly humao aotibody isolated by screening of a combinatorial 
amenable for use in generating and screening antibody _ library, the DNA encoding the antibody is cloned into a 
display libraries can be found in, for example, Ladner et al. recombinant expressioo vector aod introduced in10 a mam- 
U.S. Pat. NO. 5223,409; Kang et al. PCT Publication NO. ~5 malian host cells, as described io further detail in Section II 
WO 92/18619; Dower et al. PCT Publication No. WO above. 
91/17271; Winter et al. PCT Publication No. WO 92/20791; IV. Pharmaceutical Compositions and Pharmaceutical 
Markland et al. PCT Publication No. WO 92/1.5679; Administration 
Breitliog et al. PCT Publication No. WO 93/01288; McCaf- The antibodies and antibody-portions of the invention can 
ferty et al. PCTPublication No. WO 92/01047; Garrardet al. M be incorporated into pharmaceutical compositions suitable 
PCT Publication No. WO 92/09690, Fuchs et al. (1991) for administration to a subject. Typically, the pharmaceutical 
BiolTechnology 91370-1372; Hay et al. (1992) Hum Anti- composition comprises an antibody or antibody portion of 
bod Hybridonus 3:81-85; Huse et al. (1989) Science the invention and a pharmaceutically acceptable carrier. As 
246:1275-1281; McCafferty et al., Nuture (1990) used herein, “pharmaceutically acceptabble carrier” includes 
348:s%-ss4; Gri0ith.s et al. (1993) ElMBo J 12~725-734, 65 any and all solvents, dispersion media, coatings, annbacte- 
Hawkins et al. (1992)J. hfof Biof 2263894496; Clacksoo et rial and antifuogal agents, isotooic and absorption delaytog 
al. (1991) Narrcre 352:624-628; Gram et al. (1992) PNAS agents, and the like that are physiologically compatible. 



6,090,382 
21 22 

Examples of pharmaceutically acceptable carriers include ented or generally known to those skilled in the art. See, e.g., 
one or more of water, saline, phosphate buffered saline, Sustained and Controlled Release Drug Delivery System, J. 
dextrose, glycerol, ethanol and the like, as well as combi- R. Robinson, ed., Marcel Dekker, Inc., New York, 1978. 
nations thereof. IO many cases, it will be preferable to In certain embodiments, an antibody or antibody portion 
include isotonic agents, for example, sugars, polyalcohols 5 of the invention may be orally administered, for example, 
such as mannitol. sorbitol, or sodium chloride in the com- with an ioert diluent or an assimilable edible carrier. The 
positioo. Pharmaceutically acceptable substances such as compound (and other ingredients, if desired) may also be 
wetting or minor amounts of auxiliary substances such as enclosed in a hard or soft shell gelatin capsule, compresKd 
wetting or emulsifying agents, preservatives or buffers, into tablets, or incorporated directly into the subject’s diet. 
which enhance the shelf life or effectiveness of tbe antibody IO For oral therapeutic administration, the compounds may be 
or antibody portion. incorporated with excipients and used in the form of ingest- 

The compositions of this invention may be in a variety of ible tablets, buccal tablets, troches, capsules, elixirs, 
forms. These include, for example, liquid, semi-solid and suspensions, syrups, wafers, and the like. To administer a 
solid dosage forms, such as liquid solutions (e.g., injectable compound of the invention by other than parenteral 
and infusible solutions), dispersions or suspensions, tablets, 15 administration, it may be necessary to coat the compound 
pills, powders, liposomes and suppositories. The preferred with, or co-admmister the compound with, a material lo 
form depends on the intended mode of administration and prevent its inactivation. 
therapeutic application. Typical preferred composltioos are Supplementary active compounds can also be incorpo- 
in the form ol’ injectable or infusible solutions, such as rated 10~0 the composmons. lo certain embodiments, an 
compositions similar to those used for passive immunization 20 antibody or antibody portion of the invenlion IS coformu- 
of humans with other antibodies. The preferred mode of lated with and/or coadministered with one or more addi- 
administration is parenteral (e.g., intravenous, tiooal therapeuhc agenk. For example, an anti-hTNFa anti- 
subcutaneous, intraperitoneal. intramuscular). In a preferred body or antibody portion of the invention may be 
embodimenl, the antibody is administered by intravenous coformulated and/or coadministered with one or more addi- 
infusion or inJection. In another preferred embodiment, Ihe 25 
antibody is administered by intramuscular or subcutaneous 
mjection. 

Therapeutic composilions typically must be sterile and 
stable under the: conditions of manufacture and storage. The 
composition can be formulated as a solution, 30 

microemulsion, dispersion, liposome, or other ordered struc- 
ture suitable to high drug concentration. Sterile injectable 
solutions can be prepared by incorporating the active com- 

honal antibodies that bind other targets (e.g , antIbodies that 
bind other cytokincs or that bmd cell surface molecules), one 
or more cytokines, soluble TNFa receptor (see e.g., PCT 
Publication No. WO 94106476) and/or one or more chemical 
agents that inhibit hTNFa production or activity (such as 
cyclohexane-ylidene derivatives as described III PCT Pub- 
lication No. WO 93/19751). Furthermore, one or more 
antibodies of the invention may be used in combination with 
two or more of the foregoing therapeutic agents. Such 

pound (i.e., antibody or antibody portion) in the required combinalion therapies may advantageously utilize lowei 
amount in an appropriate solvent with one or a combination 35 dosages of the administered therapeutic agents, thus avoid- 
of ingredients enumerated above, as required, followed by ing possible toxicities or complications associated with the 
filtered sterilization. Generally, dispersions are prepared by various monotherapies. The use of the antibodies, or anti- 
incorporating the active compound into a sterile vehicle that body portioos, of the invention in combination with other 
contains a basic dispersion medium and the required other therapeutic agents is discussed further in subsection IV. 
ingredients from those enumerated above. IO the case of 40 The pharmaceutical compositions of the invention may 
sterile powders for the preparation of sterile injectable include a “therapeutically effective amount” or a “prophy- 
solutions, the preferred methods of preparation are vacuum lactically effective amount” of an antibody or antibody 
drying and lreezedrying that yiekls a powder of the active portion of the invention. A “therapeutically effective 
ingredient plus any additional desired ingredient from a amouot” refers to an amount effective, at dosages and for 
previously sterile-tiltered solution thereof. The proper flu- 45 periods of time necessary, to achieve the desired therapeutic 
idity of a solution can be maintained, for example, by the use resulL A Iherapeutically effective amount of the antibody or 
of a coating such as lecithin, by the maintenance of the antibody portion may vary according to factors such as the 
required particle size in the case of dispersion and by the use disease state, age, sex, and weight of the individual, and the 
of surfactants. Prolonged absorption of injectable composi- ability of the antibody or antibody portion to elicit a desired 
tions can be brought about by including in the composition 50 response in the individual. A therapeutically effective 
an agent that delays absorption, for example, monostearate amount IS also ooe in which any toxic or detrimental effects 
salts and gelatin. of the autibody or antibody portion are outweighed by the 

The antibodies and antibody-portions of the present therapeutically beneficial effects. A “prophylacticaUy effec- 
invention can be administered by a variety of methods tive amount” refers to an amount elfective, at dosages and 
known in the art, although for many therapeutic 5s for periods of time necessary, to achieve the desired pro- 
applications, the preferred route/mode of administration is phylactic result. Typically, since a prophylactic dose is used 
intravenous injection or infusion. As will be appreciated by in subjects prior to or at an earlier stage of disease, the 
the slcllled artisan, the mute and/or mode of administration prophylactically effective amount will be less than the 
will vary depending upon the desired results. In certain tberapeuticalIy effective amounL 
embodiments, the active compound may be prepared with a 60 
carrier that will protect the compound against rapid release, 

Dosage regimens may be adjusted to provide the optimum 
desired response (e.g., a therapeutic or prophylactic 

such as a controlled release formulation, including implants, response). For example, a single bolus may be administered, 
transdermd patches, and microencapsulated delivery sys- several divided doses may be administered over time or the 
terns. Biodegradable, biocompatible polymers can be used, dose may be proportionally reduced or increased as indi- 
such as ethylene vinyl acetate, polyanhydrides. polyglycolic 6J cated by the exigencies of the therapeutic situation. It is 
acid, mllagen, polyorthoesters, and polylactic acid. Many especially advantageous to formulate parenteral composi- 
methods for the preparahon of such formulations are pat- tioos in dosage unit form for ease OF administration and 
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uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the 
mammalian subjects to be treated; each unit contairting a 
predetermined quantity of active compound calculated to 
produce the desired therapeutic etfect in associatioa with the 
required pharmaceutical carrier. The specitication for the 
dosage unit forms of the invention are dictated by and 
directly dependent on (a) the unique characteristics of the 
active compound and the particular therapeutic or prophy- 
lactic effect to be achieved, and (b) the limitations inherent 
in the art of compounding such an active compound for the 
treatment of sensitivity in individuals. 
I An exemplary, non-limiting range for a therapeutically or 
prophylactically effective amount of an antibody or antibody 
por&oi of the invention is 0.1-20 mg/kg, more preferably 
l-10 mg/kg. It is to be noted that dosage values may vary 
with the type and severity of the condition to be alleviated. 
It is to be further understood that for any particular subject, 
specihc dosage regimens should be adjusted over time 
according to the individual need and the professional judg- 
ment of the person administenng or supervising the admin- 
istration of the compositions, and that dosage ranges set 
forth herein are exemplary only and are not intended to limit 
the scope or practice of the claimed composition. 
IV. Uses of the Antibodies of the Invention 

Given their abdity to bmd to bTNFa, the anti-hTNFa 
antrbodies, or portions thereof, of the invention can be used 
to detect hTNFa (e.g., in a biological sampk, such as serum 
or plasma), using a conventional immunoassay, such as an 
enzyme linked immuoosorbent assays (ELISA). an radio- 
immunoassay (RIA) or tissue immunohrstochemistry. The 
inventioo provides a method for detecting hTNFa in a 
biological sample comprising contacting a biological sample 
with an antibody, or antibody portion, of the invention and 
detecting either the antibody (or antibody portion) bound to 
hTNFa or unbound antibody (or antibody portioo). to 
thereby detect hTNFa in the biological sample. The aati- 
body is direct1.y or indirectly labeled with a detectable 
substance to facilitate detection of the bound or unbound 
antibody. Suitable detectable substances include various 
enzymes, prosthetic groups, fluorescent materials, lumines- 
cent materials and radioactive materials. Examples of suit- 
able enzymes include horseradish peroxidase, alkaline 
phosphatase. fl-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include 
streptavidimbiotin and avidin/biotin; examples of suitable 
fluorescent materials include umbelliferone, Buorescein, 
fluorescein isothiocyanate, rhodamine, dichlomtriaziny- 
lamine Buorescein, dansyl chloride or phymerythrin; an 
example of a luminescent material includes luminol; and 
examples of suitable radioactive material include In-?, “‘I, 
“S or ‘H. 

Alternative to labeling the antibody, hTNFa can be 
assayed in biological fluids by a competition immunoassay 
utilizing rhTNFa standards labeled with a detectable sub- 
staoce aod ao unlabeled aoti-hTNFa aotibody. In this assay, 
the biological sample, the labeled rhTNFa standards and the 
anti-hTNFa aotrbody are combined aod the*amouot of 
labeled rhTNFa standard bound to the untabeled antibody is 
determined. The amount of bTNFa in the biological sample 
is inversely proportional to the amouot of labeled rhTNFa 
standard bound to the anti-hTNFa aotibody. 

A DZE7 anbbody of the invention cao also be used to 
detect TNFus from species other than humans, in particular 
TNFas from primates (e.g.. chimpanzee, baboon, marmoset, 
cynomolgus and rhesus), pig and mouse, since D2E7 can 
bind to each of these TNFcrs (discussed further in Example 
4, subsection E). 

24 
The antibodies and antibody portions of the invention are 

capable of neutralizing hTNFa activity both in vitro and in 
viva (see Example 4). Moreover, at least some of the 
antibodies of the invention, such as DZE7, can neutralize 

s TNFaactivity from other species. Accordingly, the antibod- 
ies and antibody portions of the invention can be used to 
inhibit TNFa activity, e.g., in a ceU culture containing 
hTNFa. in human subjects or io other mammalian subjects 
having TNFos with which an antiiody of the invention 

IO cross-reacts (e.g. chimpanzee, baboon, marmoset, cynomol- 
gus and rhesus, pig or mouse). In one embodiment, the 
inventioo provides a method for inhibitiog TNFa activity 
comprising contacting TNFa with an antibody or antibody 
portion of the invention such that TNFa activity is inhibited. 

15 Preferably. the TNFa is humanTNFa. For example. in a cell 
culture containing, or suspecmd of coataioiog hTNFa, an 
antibody or antibody portion of the invention can be added 
to the culture medium to iohrbit hTNFa actrvity in the 
culture. 

20 In another embodiment, the inveotioo provrdes a method 
for rohibiting TNFa activity 10 a subject suffcnog from a 
disorder in which TNFa activity is detrimeatal, mmptismg 
admioistenng to the subject an antibody or antibody portioo 
of the invention such that TNFa activity in the subject is 

zs lohrbrted Preferably, the TNFa is human TNFa aod the 
subject is a human subject. Alternatively. the subject can be 
a mammal expressing a TNFa with which an antibody of the 
invention cross-reacts. Still further the subject cao be a 
mammal into which has been introduced hTNFa (e g.. by 

30 admroistration of hTNFa or by expression of an hTNFa 
traosgene). An antibody of the invention can be adminis- 
tered to a human subject for therapeutic purposes (discussed 
further below). Moreover, ao antibody of the invention can 
be administered to a non-human mammal expressing a 

35 TNFa with which the antibody cross-reacts (e.g., a primate, 
pig or mouse) for veterinary purposes or as an animal model 
of human disease. Regarding the latter, such animal models 
may be useful for evaluating the therapeutic efficacy of 
antibodies of the invention (e.g., testing of dosages and time 

4~ courses of administration). 
As used herein, the term “a disorder in which TNFa 

activity is detrimental” is intended to ioclude diseases aod 
other disorders in which the presence of TNFa in a subject 
suffering from the disorder has been shown to be or is 

45 suspected of being either responsible for the pathophysiol- 
ogy of the disorder or a E;lctor that contributes to a worsening 
of the disorder. Accordingly, a disorder in yhich TNFa 
activity is detrimental is a disorder in which inhibition of 
TNFa activity is expected to alleviate the symptoms and/or 

50 progression of the disorder. Such disorders may be 
evidenced, for example, by an increase in the concentration 
of TNFa in a biological fluid of a subject suffering fmm the 
disorder (e.g., an increase in the concentration of TNFa in 
serum, plasma, synovial fluid, etc. of the subject), which can 

55 be detected, for example, using ao anti-TNFa aotibody as 
described above. There are numemua examples of disorders 
io whrch TNFa activity is detrimental. The use of the 
antibodies and antibody portions of the invention in the 
treatment of specific disorders is discussed further below: 

60 A. Sepsis 
Tumor necrosis factor has an established role in the 

pathophysiology of sepsis, with biological elfects that 
include hypotension. myocardial suppression, vascular leak- 
age syndrome, organ necmsis. stimulation of the release of 

65 toxic secondary mediators and activation of the clotting 
cascade (see e.g., Tracey, K J. and Cerami, A. (1994)Amu. 
Rev. Med. 45:491-503; Russell, D and Thompson, R. C. 
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(1993) Cut-r Opin. Biorech. 4~714-721). Accordingly, the 
human antIbodies, and antibody portions, of the invention 
can be used to treat sepsis in any of its clinical settings, 
including septic shock, eadotoxic shock, gram negative 
sepsis and toxic shock syndrome. 

Furthermore., to treat sepsis, an anti-hTNFa antibody, or 
antibody portion, of the invention can be coadministered 
with one or more additional therapeutic agents that may 
further alleviate sepsis, such as an ioterleukin- I inhibitor 
(such as those described in PCT Publication Nos. WO 
92/16221 and WO 92/17583), the cytokine interleukin-6 
(see e.g., PCT Publication No. WO 93/11793) or an antago- 
nist of platelet activating factor (see e.g., European Patent 
Application Publication No. EP 374 SlO). 

Additionally, in a preferred embodiment, an anti-TNFa 
antibody or antibody porbon of the invention is administered 
to a human subject within a subgroup of sepsis patients 
having a seturn or plasma concentcation of IL-4 above 500 
p&111, and more preferably 1000 pg/ml, at the time of 
treatment (see PCT Publication No. WO 95/20978 by Daum, 
L., et al.). 

B. Autolmmune Diseases 
Tumor necrosis factor has been implicated in playing a 

role in the pathophysiology of a variety of autoimmune 
diseases. For example, TNFa has been implicated in acti- 
vatmg tissue intiammation and causing joint destruction in 
rheumatoid arthritis (see e.g , Tracey and Cerami, supra; 
Arend. W. P and Dayer. J-M. (1995) Arrh. Rheum. 
38:151-160; F,ava, R. A., et al. (1993) Clin. Exp. Immunol. 
94261-266). TNFa also has been implicated in promoting 
the death of islet cells and in mediating insulin resistance in 
diabetes (see e.g., Tracey and Cerami, supra; PCT Publica- 
tion No. WO 94/08609). TNFa also has been imulicated in 
mediating cytotoxicity ;o oligodendrocytes and induction of 
inflammatory plaques in multiple sclerosis (see e.g., Tracey 
and Cerami. supra). Chimetic and humanized murine anti- 
hTNFa antibodies have undergone clinical testing for treat- 
ment of rheumatoid arthritis (see e.g., Elliott, M. J.. et al. 
(1994) Lancet 344:1125-1127; Elliot, M. J.. et al. (1994) 
Lancer 344:1105-1110; Rankin, E. C., et al. (1995) 8,: J. 
RheumatoL 34:334-342). 

The human antibodies. and antibody portions of the 
invention can be used to treat autoimmune diseases, in 
particular those associated with inflammation, including 
rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis 
and gouty arthritis, allergy, multiple sclerosis, autoimmune 
diabetes, autoimmune uveitis and nephrotic syndrome. 
Typically, tbe antibody, or antibody portion, is administered 
systemically, although for certain disorders, local adminis- 
tration of the antibody or antibody portion at a site of 
inliammation may be beneficial (e.g., local administration in 
the joints in rheumatoid arthritis or topical application to 
diabetic ulcers, alone or in combination with a cyclohexane- 
ylidene derivative as described in PCT Publication No. WO 
93/19751). 

’ C. Infectious Diseases 
Tumor necrosis factor has been implicated in mediating 

biological etfects observed in a variety of infectious dis- 
eases. For example, TNFa has been implicated in mediating 
brain inHammarion and capillary thrombosis and infarction 
in malaria (see e.g.. Tracey and Cerami, supra). TNFa also 
has been implicated in mediating brain intlammation, induc- 
ing breakdown of the blood-brain barrier, triggering septic 
shock syndrome and activating venous infarction in menin- 
gitis (see e.g., Tracey and Cerami, supra). TNFa also has 
been implicated in inducing cachexia, stimulating viral 
proliferation and mediating cenlral nervous system injury in 

26 
acquired immune deficiency syndrome (AIDS) (see e.g., 
Tracey and Cerami, supra). Accordingly, the antibodies, and 
antibody portions, of the invention, can be used in the 
treatment of infectious diseases, including bacterial meoin- 
gitis (see e.g., European Patent Application Publication No. 
EP 585 705), cerebral malaria, AIDS and AIDS-related 
complex (ARC) (see e.g., European Patent Application 
Publication No. EP 230 S74), as well as cytomegalovirus 
infection secondary to transplantation (see e.g., Fietxe. E.. et 
al. (1994) Tmnsplanration 58675680). The antibodies. and 
antibody portions, of the invention, also can be used to 
alleviate symptoms associated with infectious diseases, 
includibg fever and myalgias due to infection (such as 
inHuenza) and cachexia secondary to infection (e.g., sec- 
ondary to AIDS or ARC). 

D. Transplantation 
Tumor necrosis factor has been implicated as a key 

mediator of allograft rejection and graft versus host disease 
(GVHD) and in mediating an adverse reaction that has been 
observed when the rat antibody OKT3, directed against the 
T cell receptor CD3 complex, is used to inhibit rejection of 
renal transplants (see e.g., Tracey and Cerami, supra; Eason. 
J. D., et al. (1995) Trunspfunlafion 59:300-305; 
Suthanthiran. M. and Strom, T. B. (1994)NewEngI. J. Med. 
331:365-375). Accordingly, the antibodies, and antibody 
portions, of the invention, can be used to inhrbtt transplant 
rejection, including rejections of allografts and xeaografts 
and to inhibit GVBD. Although the antibody or antibody 
portion may be used aiooe, more preferably It is used in 
combinatton with one or more other agents that inhibit the 
immune response agamst the atlograft or inhibit GVHD. For 
example, in one embodiment, an antlbody or antibody 
portion of the invention is used in combination with OKT3 
to inhibit OK’JXnduced reactions. In another embodiment, 
an antibody or antibody portion of the invention is used in 
combination with one or more antibodies directed at other 
targets involved in regulating immune responses, such as the 
cell surface molecules CD25 (interleukin-2 receptor-a), 
CDlla (LFA-l), CD54 (ICAM-l), CD4, CD45, CD28/ 
CTLA4, CD80 (B7-1) and/or CD86 (B7-2). In yet another 
embodiment, an antibody or antibody portion of the inven- 
tion is used in combination with one or more general 
immunosuppressive agents, such as cyclosporin A or 
FK506. 

E. Malignancy 
Tumor necrosis factor has been implicated in inducing 

cachexia, stimulating tumor growth, enhancing me&static 
potential and mediating cytotoxicity in malignancies (see 
e-g., Tracey and Cerami, supra). Accordingly. the aotrbodies. 
and antibody Portions, of the invention, can be used in the 
treatment of malignancies, to inhibit tumor growth or 
metastasis and/or to alleviate cachexia secondary to malig- 
nancy. The antibody, or antibody portion, may be ndminis- 
tered systemically or locally to the tumor site. 

F. Pulmonary Disorders 
Tumor necrosis factor has been implicated in the patho- 

physiology of adult respiratory distress syndrome, including 
stimulating leukocyteendothelial activation, directing cyto- 
toxicity to pneumocytes and inducing vmlar leakage 
syndrome (see e.g., Tracey and Cerami, supra). Accordingly, 
the antibodies, and antibody portions, of the invention, can 
be used to treat various pulmonary disorders, including adult 
respiratory distress syndrome (see e.g., PCTPublication No. 
WO 91/04054), shock lung, chronic pulmonary inftamma- 
tory disease, pulmonary sarcoidosis, pulmonary fibrosis aud 
silicosis. The antibody, or antibody portion, may be admin- 
istered systemically or locally to the lung surface, for 
example as an aerosol. 
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G. lotestinal Disorders 
Tumor necrosis factor has been implicated in the patho- 

physiology OF irdlammatory bowel disorders (see e.g., Tracy, 
K. J.. et al. (1986) Stience 234:470-474; Sun, X-M., et al. 
(1988y. C[Lr. Invesr. 81:1328-1331; MacDonald, T. T., et 
al. (1990) C[;A. Exp. immunof. 81:301-305). Chimeric 
murine anti-hTNFa antibodies have undergone clinical test- 
ing for treatment of Croha’s disease (van Dullemeo, H. M., 
et al. (1995) Gasrroenterology 109:129-135). The human 
antibodies, and antibody portions, of the invention, also can 
be used to treat intestinal disorders, such as idiopathic 
inllammatory bowel disease, which includes two 

syndromes, &ha’s disease and ulcerative colitis. 
H. Cardiac Disorders 
The antibodies, and aatibody portions, of the invention, 

also can be used to treat various cardiac disorders, including 
&hernia of the heart (see e.g., European Patent Application 
Publication No. EP 453 898) and heart insufficiency 
(weakness of the heart muscle)(see e.g. PCT Publication 
No. WO 94/201139). 

1. Others 
The antibodies, and antibody portions. of the invention. 

also can be used to treat various other disorders in which 
TNFa activity is detrimental. Examples of other diseases 
and disorders m which TNFa activity has been implicated in 
the pathophysiology, and thus which can be treated using an 
antibody, or antibody portton, of the invention, include 
inflammatory bone disorders and hone resorption disease 
(see e.g., Bertolini, D R.. el al. (1986)Nurure 319516-51s; 
Konig. A., et al. (198s) J. Bone Miner. Rex 3:621-627; 
Lemer, U. H. and Ohlin, A. (1993) 1. Bone Miner: Res. 
8:147-l%; and Shankar, G. and Stem, P H. (1993) Bone 
14:871-876), hepatitis, including alcoholic hepatitis (see 
e.g.. McClain, C. J. and Cohen, D. A. (1 989) Hepatology 
9:349-35 1; Felver, M. E.. et al. (1990) AlcohoL Clin Exp. 
Res. 14255-259; aad Hansen, J., et al. (1994) Hepufofogy 
20~461-474) aod viral hepatitis (Sheron, N.. et al. (1991)J. 
Heputol. 12:241-245; and Hussain, M. J.. et al (1994) J. 
C.&a Pufhol. 47:1112-1115). coagulation disturbances (see 
e.g., van der Poll, T., et al. (1990) N. EngL J. Med. 
322~1622-1621’; and van der Poll, T., et aL (1991) Prog. 
Cfin. BioL Rex 36755-60). bums (see e.g., Giroir, B. P., et 
al (1994) Am. jr. PhysioL 267:H118-124; and Liu, X. S., et 
al. (1994) Burrs 20~40-44). reperfusion injury (see e.g., 
Scales. W. E.. et al. (1994jAm. J. PhvsioL 267:C1122-1127: 
Semi&, C., ei al. (1994) fransp&n&ion 58:1158-1162; and 
Yao, Y. M., et al. (1995) Resuscitation 29157-168). keloid 
formation (see e.g., McCauley, R. L.. et al. (1992) 1. Clin. 
ImmurwL 12:300-308). scar tissue formation and pyrexia. 

This inventioa is further illustrated by the following 
examples which should not be construed as limiting. The 
contents of all refereuces, patents and published patent 
applications cited throughout this application are hereby 
incorporated by reference. 

EXAMPLE 1 

Kinct:c Analysis of Binding of Human Antibodies 
to hTNFa 

Real-time binding interactions between ligand 
(biotinylated recombinant human TNFa (rhTNFa) immo- 
bilized on a biosensor matrix) and aaalyte (antibodies in 
solution) were measured by surface plasmoa resoaance 
(SPR) using the BIAcore system (Pharmacia Biosensor, 
Piscataway, NJ.). The system utilizes the optical propcrties 
of SPR to detect alterations in protein concentratioris within 
a dextran biosensor matrix. Proteins are covalently bound to 
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28 
the dextran matrix at known concentrations. Antibodies are 
injected through the dextran matrix and specific binding 
between injected antibodies and immobilized ligaad results 
in an increased matrix protein concentration and resultant 
chanee in the SPR sienal. These chances in SPR sienal are 
recorded as resonance units (RU) ani are displayed with 
respect to time along the y-axis of a sensorgram. 

To facilitate immobilization of biotinylated rhTNFa on 
the biosensor matrix; streptavidin is covalently linked via 
free amine groups to the dextraa matrix by first activating 
carboxyl groups on the matrix with 100 mM 
N-hydroxysuccioimide (NHS) and 400 mM N-ethyl-N-(3- 
diethylamiaopropyl) carbodiimide hydrochloride (EDC). 
Next, streptavidin is injected across the activated matrix. 
Thirty-five microliters of streplavidin (25 &ml). diluted in 
sodium acetate, pH 4.5, is injected across the activated 
biosensor and free amines on the protein are bound directly 
to the activated carboxyl groups. Unreacted matrix EDC- 
esters are deactivated by an injection of 1 M ethanolamine. 
Streptavidin-coupled biosensor chips also are commercially 
available (Pharmacla BR-1000-16, Pharmacia Biosensor, 
Plscataway, NJ.). 

Biotinylated rhTNFa was prepared by first dissolving 5.0 
mg of biotin (D-btotinvl-c-amtnocaproic acid 
N-hydroxysuccinimide ester; -Boehnnger Ma-nnheim Cat. 
No. 1008 960) in 500 ul dimethvlsulfoxide to make a 10 
me/ml solutioi. Ten microliters of biotin was added per ml 
ofrhTNFa (at 2.65 mg/ml) for a 2:l molar ratio of b&tin to 
rhTNFa. The reaction was mixed eentlv and incubated for - , 
two hours at room temperature in the dark. A PD-10 column, 
Sephadex G-25M (Pharmacta Catalog No. 17-0851-01) was 
equilibrated with 25 ml oE cold PBS and loaded with 2 ml 
of rhTNFa-biotin per column. The column was eluted with 
10x1 ml cold PBS. Fractions were collected and read at 
OD280 (1.0 OD11.25 mg/ml). The appropriate Eractions 
were pooled aad stored at -80” C. until use. Biotinylated 
rhTNFa also is commercially available (R & D Systems 
Catalog No. FTACO, Minneapolis, Minn.). 

Biotinylated rhTNFa to be immobilized on the matrix via 
streptavidin was diluted in PBS running buffer (Gbco Cat. 
No. 14190-144, Gibco BRL, Grand Island, N.Y.) supple- 
mented with 0.05% @IL&ore) surfactant P20 (Pharmacia 
BR-1000-54. Phannacia Biosensor, Piscataway, NJ.). To 
determine the capacity of rhTNFa-specific antibodies to 
bind immobilized rhTNFa, a binding assay was conducted 
as follows. Aliquots of biotinylated rhTNFa (2.5 nM; 10 ,ul 
aliquots) were injected through the streptavidin-coupled 
dexban mrtrix at a flow rate of 5 @/min. Before injection of 
the protein and immediately afterward, PBS butfer alone 
flowed through Bach flow cell. The net difference in signal 
between baseline and approximately 30 sec. after comple- 
tion of biotinylated rhTNFa injection was taken to represent 
the binding value (approximately SO0 RU). Direct rhTNFa- 
specific antibody binding to immobilized biotinylated 
rhTNFa was measured. Antibodies (20 ,&ml) were diluted 
in PBS running buffer and 25 4 aliquots were injected 
through the immobilized protein matrices at a Bow rate of 5 
,&nin. Prior to injection of antibody, and immediately 
aftenvards. PBS bulfer alone tlowed through each Bow cell. 
The net ditfereoce in baseline signal and signal after comple- 
tion of antibody injection was taken to represent the binding 
value of the particular sample. Biosensor matrices were 
regenerated using 100 mM HCl beEore injection of the next 
sample. To determine the off rate (K,,), on rate (K& 
uiatioa rate (Q and dissociation rate (Kd constants. 
BlAcore kinetic evaluation software (version 2.1) was used. 

Representative results of D2E7 (full-length antibody) 
binding to biotinylated rhTNFa, as compared to the mouse 
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mAb MAK 195 (F(ab’), fragment), 
Table 1. 

are shown below in 
TABLE 2-continued 

TABLE 1 Bindme of D2E7 Alaoine~n Mutants to Biotinvlated rbTNFa 

5 
Bindinn of DZE7 or MAK 195 to Biotinvlatcd rhTNFa 

Ab, 
LAbI. rtirNFa, bound. riimw I&, xc-‘, 

Antibody oM bound, RUa RUs Ab (Ad 

ME7 267 373 1215 1.14 
133 420 1569 1.M 

67 434 1633 1.31 
33 450 1532 1.19 
17 46o 1296 0.98 

8 486 936 0.67 
4 459 536 0.38 
2 470 244 0.18 

MAX 195 400 375 881 1.20 
200 400 1080 I .3a 
100 419 1141 1 39 

50 427 1106 1.32 
25 44b 957 109 
13 464 7OY 0.78 

6 474 433 0.47 
3 451 231 0.26 

a.45 x 10” 10 

5.42 x lo-’ 
4.75 1 10-s 
4.46 x lo-’ 
3.41 x 10-s 
2.63 * lo-’ 
217x lo-5 1s 
3.66 x 10-5 

(4.38 x 10-T 
53axm5 
4.54 x 10-J 
3.54 * 10-x 
3.67 x 10-I 20 
4.41 x 10-1 
3.66 x lo-’ 
7 37 x 10-S 
6.95 x lo-’ 

(4 94 x 10-q 

25 

EXAMPLE 2 

Alanine !kanning Mutageaesis of D2E7 CDR3 
Domains 30 

Aseries of single alanine mutations were introduced by 
standard methods along the CDR3 domain of the D2E7 VL 
and the D2E7 VH regions. The light chain mutations are 
illustrated in FIG. 1B (LD2E7*.Al, LD2E7*.A3, 
LD2E7*.A4, LD2E7*.A5, LD2E7+.A7 and LD2E7*.A8, 
having an alanine mutation at position 1, 3. 4. 5, 7 or 8, 
respectively of the D2E7 VL CDIU domain). The heavy 
chain mutations are illustrated in FIG. 2B (HD2E7*.Al, 
HD2E7*.A2. HD2E7’.A3, HD2E7*A4, HD2E7*.A5. 
HD2E7*A6, HD2E7*.A7, HD2E7*.A8 and HD2E7*.A9, 
having an alanine mutation at position 2.3, 4,5. 6.8, 9, 10 
or 11. respectively, of the D2E7 VI-I CDR3 domain). The 
kinetics of rhTNFa interaction with an antibody composed 
of wild-type D2E7 VI, and VH was compared to that of 
antibodies composed of 1) a wild-type IXE7 VL paired with 
an alanine-substituted D2E7 VI-I; 2) a wild-type D2E7 VH 
paired with an alanine-substituted D2E7 VL; or 3) an 
alanine-substituted D2E7 VL paired with an alanine- 
substituted D2E7 WI. All antibodies were tested as full- 
length, IgG4 molecules. 

Kinetics of interaction of antibodies with rhTNFa was 
determined by surface plasmon resonance as described in 
Example 1. The I(D4 rates for the different VH/VL pairs are 
summarized below in Table 2: 

50 
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TABLE 2 

Bindim of D2E7 Almine-Smn Mutants to Bitiinyloted rhTNFa 

VH n Gd=O 
60 

WE7 VH MElvL 9.65 II 10-S 
HIXE7’.AI DZE7 Vl. 1.4 x 15. 
HDzEPA2 DZe7 n 4.6 x lOA 
nD2E-P.A3 D2mvL 8.15 x lOA 
HlXLEl’.AJ MJz7vL 1.s x lo-4 65 
HD2E7’.A5 D2e7n 23s x 104 

VH 

HD2E7*.A6 
HD2E7’.A7 
HmE7’ A3 
mxE7*.A9 

D2E7 VH 
ME7 VH 
ME7 VH 
ME7 VH 
D’2E7 VH 
ME7 VH 

HD2E7’.A9 

n %.I&=-3 

ME7vL 23 x lOA 
D2E7n 1.0 x 104 
ME7 n 3.1 x 10-q 
tY2E7n 8.1 x lo-* 

LMFl’.AI 6.6 x 10-S 
LME7’.A3 NOT DFXECIXBLE 
LME7’A4 1.75 x lo-’ 
LDZE7’As 1.S x lo& 
Lw2kT’A7 1.4 x 10-2 
LD2@7’A8 3.65 x 104 
LDZE7’Al 1.o5 x lOA 

These results demonstrate that the majority of positions of 
the CDR3 domains of the D2E7 VL region and VH region 
are amenable to substitution with a single alanme residue. 
Substitution of a single alanine at position I, 4,s. or 7 of the 
D2E7 VL CDR3 domain or at position 2,5,6.8,9 or 10 of 
the D2E7 VH CDR3 domain does not signiticantly affect the 
off rate of hTNFa binding as compared to the wild-type 
parental D2E7 antibody. Substitution oE alaoine at position 
8 of the D2E7 VL CDR3 or at position 3 of the D2E7 VH 
CDR3 gives a 4-fold faster K, and an alaoioe substitution 
al position 4 or 11 of D2E7 VH CDR3 gives an 8-fold faster 
I$, indicating that these positions are more critical for 
bmding to hTNFa However, a single alaoine substitution at 
position 1,4,5,7 or 8 of the D2E7 VL CDR3 domain or at 
position 2,3.4,5,6,8,9,10 or 11 of the D2E7 VH CDR3 
domain still results in an anti-hTNFa antibody having a I-&, 
of 1x10-’ see-’ or less. 

EXAMPLE 3 

Binding Analysis of D2E7-Related Antibodies 

A series of antibodies related in sequence to D2E7 were 
analyzed for their binding to rhTNFa, as compared to D2E7, 
by surface plasmon resooaoce as described in Example 1. 
The amino acid sequences of the VL regions tested are 
shown in FIGS. IA and 1B. The amino acid sequences of the 
VH region tested are. show0 in FIGS. 2A and 28. The K, 
rates for various WM.. pairs (in the indicated format, either 
as a full-length lgG1 or IgG4 antibody or as a scFv) are 
summarized below in Table 3: 

TABLE 3 

Bindiie of ME7-Related Antibodies to Biotinvlakd rhTNFa 

VH 

ME7 VH 
VHl-02 
VHI-DZ 
VHl-D2.N 
VHl-D2.Y 
VHI-D2.N 
VHl-02 
VHl-M 
3C-HZ 
2so4 VH 
2SD4 VH 
VHlAll 
VHlBlZ 
VIilBll 
VHlE4 
VHlF6 

VL 

mE7vL. 
LOE7 
LOEI 
LOE7.T 
LOE7.A 
ME7.A 
EP 812 
2sMvL 
Lcm 
me7 
2sD4n 
2sMvL 
2sD4 VL 
2sD4n 
2sw VL 
2so4vL 

K&d) 

9.65 )I lo-’ 
7.7 Y 10-J 
4.6 I IO4 
2.1 I 10-s 
2.7 x lo-’ 
3.2 x 10d 
8.0 I lo-’ 

1.94 x lo-’ 
1.5 x lo-’ 

6.07 I lo-’ 
1.37 x 10-Z 
1.34 x 10-z 
1.01 x 10-l 

9.8 x IO-’ 
1.59 x lo-2 
229 x 10-Z 
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TABLE 3coatioued 

Biodine of ME’I-Related Anrttmdics to Biotinvlatcd rhlNFa 

VH n 

VHIM 2sD4 VL 
VHlGl 2x34 VL 
2SD4 VH EP 812 
2SD4 VH VLlOEJ 
2SW VH vLlOOA9 
2SD4 VH VLlOOD2 
7234 VH VLlOF4 
2SW VH VLLOES 
2sD4vH vLLnF9 
2SD4 VH VIJAWIO 
2SD4 VH vLLDG7 
2SD4 VH VLLCKi¶ 
2SD4 VH VLLOHl 
2SD4 VH VLLOHlO 
2SD4 VH VLlB7 
ZSM VH, VLlCl 
2SD4 VH VLlC7 
2SD4 VH VU).lFJ 
2SD4 VH VUl.lHS 

POmlV ?&&CC-‘) 

SCFV 9.5 I lo-’ 
SCFV 2.14 x 10-l 
SCFV 6.7 x lo-’ 
SCFV 9.6 x lo-’ 
SCFV 1.33 x 10-2 
SCFV 1.41 x 1t.r~ 
SCFV I.11 I 10-z 
SeFv 1.16 x Xl-’ 
SCFV 6.09 x lo-’ 
SCFV 1.34 x 10-Z 
WFV 1.56 x lo-’ 
SCFV 1.46 x lO-’ 
SCFV 1.17 x 10-Z 
SCFV 1.12 x lo-’ 
SCFV 1.3 x 10-x 
SCFV 1.36 x 10-l 
SCFV 2.0 x 10-Z 
SCFV 1.76 x 10-l 
SCFV 1.14 x 10-z 
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may be occupied by Asn (as in 2SD4) or Tyr (as in D2E7) 
without substantially affecting the K, Thus, by comparison 
of 2SD4 and D2E7, positions 1 and 7 of the D2E7 VI-I CDR3 
can be identified as being critical for binding to hTNFu. As 
discussed above, these residues could be directly involved as 
contact residues in the antibody binding site or could con- 
tribute critically to maintaining the scaffolding architecture 
of the antibody molecule in this region. Both positions are 
important for binding to hTNFa sinca when the 3GH2 VH 
CDR3 (which has a valine IO alanine change at position 1 
with respect to the D2E7 VH CDR3) is used, the scFv has 
a 3-fold faster off rate than when the D2E7 VH CDR3 is 
used but this off rate is still four times slower than when the 
2SD4 VH CDR3 is used (which has changes at both posi- 
tioos 1 and 7 with respect to the D2E7 VH CDR3). 

EXAMPLE 4 

Functional Activity of D2E7 
20 

The slow otfrates (i.e., K, 11x10-‘see-‘) for full-length 
antibodies (i.e., IgG format 5- having a VL selected from 
DZE7, LOE7, LOE7.T and LOE7.A, which have either a 
threonine or an alanine at posdion 9, indicate that position 
9 of the D2E7 VL CDR3 can be occupied by either of these 
two residues without substantially affecting the Kor 
Accordingly, a conseusus motif for the D2E7 VL CDR3 
comprises the amino acid sequence: Q-R-Y-N-R-A-P-Y-(T/ 
A) (SEQ ID NO: 3). Furthermore, the slow off rates (i.e., 
K,+Z1~10-~ set-1) for antibodies having a VH selected 
from DZE7, VHl-D2.N and VHZ-D2.Y, which have either a 
tyrosine or an asparagine at position 12, indicate that posi- 
tion 12 of the D2E7 VH CDR3 can be occupied by either of 
these two residues without substantially atfecting the I&. 
Accordingly, a consensus motif for the D2E7 VH CDR3 
comprises the amino acid sequence: V-S-Y-LS-T-A-S-S-L- 
D-(Y/N) (SEQ ID NO: 4). 

25 

To examine the functional activity of D2E7, the antibody 
was used in several assays that measure the ability OF the 
antibody to inhibit hTNFa activity. either in vitro or in VIVO. 
A. Neutralization. of TNFa-Induced Cytotoxicity in L929 
Cells 

30 
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The results shown in Table 3 demonstrate that, in scFv 
format, antibodies containing the 2SD4 VL or VH CDR3 
region exhibit a faster K,,(i.e.. K&Oe3 set-‘) as compared 
to antibodies containing the D2E7 VI.. or VH CDIU region. 
Within the VL CDR3. 2SD4 differs from D2E7 at positioos 
2,s and 9. As discussed above, however, position 9 may be 
occupied by Ala (as in 2SD4) or Thr (as in DZE7) without 
substantially alfecting the G Thus, by comparison of 
2SD4 and D2E7. positions 2 and 5 of the D2E7 VL CDR3. 
both arginines, can be identified as being critical for the 
association of the antibody with hTNFa. These residues 
could be directly involved as contact residues in the anti- 
body binding sik or could contribute critically to maintain- 
ing the scaffofolding architecture of the antibody molecule in 
this region. Regarding the importance of position 2. replace- 
ment of Arg (in LOE7, which has the same VL CDR3 as 
D2E7) with Lys (in EP B12) accelerates the off rate by a 
factor of two. Regarding the importance of position 5. 
replacement of Arg (in D2E7) with Ala (in LD2E7*&), as 
described in Example 2, also accelerates the off rate two- 
fold. Furthermore, without either Arg at positions 2 and 5 (in 
2SD4), the off rate is five-fold faster. However, it should be 
noted that although position 5 is important for improved 
binding to hTNFa, a change at this position can be negated 
by changes at other positions, as seen in VLLOE4. VLLOHl 

40 

Human recombinant TNFa (rhTNFa) causes cell cyto- 
toxicity to murine L929 cells after an incubation period of 
18-24 hours. Human anti-hTNFa antibodies were evaluated 
in L929 assays by coincubation of antibodies with rhTNFa 
and the cells as follows. A 96well microtiter plate contam- 
ing 100~1 of anti-hTNFa Abs was set-tally diluted l/3 down 
the plate in duplicates using RPM1 medium containing 10% 
fetal bovine serum (FBS). Fifty microliters of rhTNFa was 
added for a fmal concentration of SO0 pg/ml in each sample 
well. The ptates were then incubated for 30 minutes at room 
temperature. Next, 50 /d of TNFa-sensitive L929 mouse 
Ebroblasts cells were added for a final concentration of 
5x1W4 cells per well, inciuding 1 Clglml.Actinomycin-D. 
Con&ok included medium plus cells and rhTNFa plus cells. 
These controls, a& a TNFa standard curve, ranging loom 2 
n~ml to 8.2 pg/ml, were used to determine the quality of the 
assay and provide a window of neutralization. The plates 
were then itmvbated overnight (18-24 hours) at 37” C. ins% 
co,. 

4.5 

30 

55 

One hundred microliters of medium was removed from 
each well and 50 d of 5 m&ml 3,(4,4-dimethylthiazol-2- 
y1)2,5-diphenyl-tetrazotium bromide (M’IT; commercially 
available from Sigma Chemical Co., St. Louis, MO.) in PBS 
was added. The plates were then incubated for 4 hours at 37” 
C. Fifty microtiters of 20% sodium dodecyl sulfate (SDS) 
was then added to each well and the plates were incubated 
overnight at 37” C. lhe optical density at 570/630 nm was 
measured, curves were plotted for each sample and lC,,s 
were determined’by standard methods. 

Representative results for human antibodies having vari- 
ous VL and VH pairs, as compared to the murioe MAK 195 
mAb. are shown in FIG. 3 and in Table 4 below. 

60 

TABLE 4 

Neutralization of TNFa-Induced W29 Cvtdoxicitv 

VH n sllucture Go M 

ME7 ME7 SCFV 1.1 x lo-‘0 

or VLO.lH8. ME7 D2@7 
65 kG4 4.7 x 10-I’ 

2sD4 
Within the VII CDR3, 2SD4 dilfees fmm D2E7 at oosi- 

2sM scFv/IgGl/I~G4 3.0 x lo-’ 
2sD4 LoE7 SCFV 4.3 x lo-’ 

tions 1,7 and 12. As discussed above, however, posit& 12 
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TABLE 4-cootinued 

Neutraliwtion of TNFa-Induced L929 Cvtotmicitv 

VH VL structure rc, M 

VHl-D2 2sD4 SCFV 1.0 x 10-6 
VHl-D2 LOE7 rFv/lgGl/lgG4 3.4 x 10-o 
VH1.DZ.Y LOE7.T IgG4 8.1 x 10-u 
VHI-MN LOE7.T w4 1.3 x lo-‘” 
VHl-MY U)WA IgG4 2.8 x IO-= 
W-U-D2.N LOE7A lgG4 6.2 x lo-” 
MAK 195 blAlc 19s SCFV 1.9 x lo- 
MAK 195 MAK 19s W”), 6.2 x lo-” 

The results in FIG. 3 and Table 4 demonstrate that the D2E7 
human anti-hTNFa antibody, and various D2E7-related 
antlbodies. neutralize TNFa-induced L929 cytotoxicity with 
a capacity approximately equivalent to that of the murine 
anti-hTNFa mAb MAK 195. 
B. InhIbition of TNFa Binding to ‘INFu Receptors on 
U-937 Cells 

The ability oE human anti-hTNFa antibodies to inhibit the 
binding of bTNFa to hTNFa receptors on the surface of 
cells was examined using the U-937 cell line (ATCC No. 
CRL 1593). a human histiocytic cell line that expresses 
hTNFa receptors. U-937 cells were grown in RPMI 1640 
medium supplemented with 10% fetal bovine serum 
(Hyclone A-1111, Hyclooe Laboratories, Logan, Utah), 
L-glutamioe (4 q M), HEPES buEer solution (10 mM), 
peoiciUio (100 @ml) aod streptomycin (100 pg/ml). To 
exauune the’activity of fuU-length IgG antibodies, U-937 
cells were preiocubated with PBS supplemented with 1 
mg/mI of human IgG (Sigma I-4506, Sigma Chemical Co., 
St. Louis, MO.) for 45 minutes on ice and then ceIIs were 
washed three tunes with bindin buffer. For the receptor 
binding assay, lJ-937 celIs(5xlO d: cells/well) were incubated 
in a binding buffer (PBS supplemented with 0.2% bovine 
serum albumid) in 96-weII microtiter plates (Costar 3799, 
Costar Corp., Cambridge, Mass.) together with I=‘-?-labeled 
rhTNFa (3x10-“ M; 25 &i/ml; obtained from NEN 
Research Products. Wilmington, Del.), with or without aoti- 
hTNFa antibodies, in a total volume of 0.2 ml. The plates 
were iocubated on ice for 1.5 hours. Then. 75 ,uI of each 
sample was transferred to 1.0 ml test tubes (Sarstedt 72.700. 
Sarstedt Corp., Princeton, NJ.) containing dibutylphthalate 
(Sigma D-2270. Sigma Chemical Co., St. Louis, MO.) and 
dinooylphthalate (ICN 210733, ICN, Itvine, Calif.). The test 
tubes contained a 300 ~1 mixture of dibutylphthalate and 
dinonylphthalate, 2:l volume ratio, respectively. Free (i.e., 
uobottnd) ‘251-labeIed rhTNFa was removed by microcen- 
trifugation for five minutes. Then, each test tube end con- 
taining a cell Pellet was cut with the aid of a microtube 
scissor (BeI-& 210180001, Bel-Art Products, Pequanoock, 
NJ.). The cell pellet contains ‘UI-labeled rhTNFa bound to 
the p60 or p80 TNFa receptor, whereas the aqueous phase 
above the oil mixture contains excess free 1z51-labeled 
rhTNFa. AII celI pellets were collected in a couotiog tube 
(Falcon 2052, Bectoo Dickinson Labware. LincoIn Park, 
NJ.) and counted in a scintillation counter. 

Represeotative results are showo io FIG. 4. The IC,, 
value for D2E7 inhibition of hTNFa binding to hTNFa 
receptors on U-037 ceUs is approximately 3x10-” M. These 
results demonstrate that the D2E7 human anti-hTNFa anti- 
body inhibits rhTNFa binding to hTNFa receptors on 
U-937 ceIIs at concentrations approximately equivalent to 
that of the muriue anti-hTNFa mAb MAK 195. 
C. Inhibition of -f-l Expression on HUVEC 

Human umbilical vein endothelial cells (HUVEC) can be 
induced to express endotbelial cell leukocyte adhesioo mol- 
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ecule 1 @LAM-l) on their cell-surface by treatment with 
rh’TNFa, which can be detected by reacting rh’fNFa-treated 
HUVEC with an mouse anti-human ELAM-1 antibody. The 
ability of human anti-hTNFa antibodies to inhibit this 
ma-induced expression of ELAM-1 on HWEC was 
examined as follows: HUVEC (ATCC No. CRL 1730) were 
plated in 96-weIl plates (5~10~~ cells/well) and incubated 
overnight at 37” C. The following day, serial dilutions of 
human an+hTNFa antibody (1:lO) were prepared in a 
microtiter plate, starting with 20-100 &ml of antibody. A 
stock solution of rhTNFa was prepared at 4.5 ndml. aIi- 
quots of rhTNFa were added to each antibodycontaining 
weU and the cootents were mixed well. Controls included 
medium alone, medium plus anti-hTNFa antibody and 
medium plus rhTNFa The HUVBC plates-were removed 
from their overnight iocubation at 37” C. and the medium 
gently aspirated from each well. Two hundred microliters of 
the antibody-rhTNFa mixture were transferred to each well 
of the HUVEC plates. The HWEC plates were then further 
incubated at 37” C. for 4 hours. Next, a murioe aoti- 
ELAM-1 aotibody stock was diluted 1:lOoO in RPMI. The 
medium in each weU of the HUVEC plate was gently 
aspirated, 50$/well of the aoti-ELAM-1 aotibody solution 
was added and the HUVEC plates were incubated 60 
minutes at room temperature. An ‘*‘I-labeled anti-mouse Ig 
aotibody solution was prepared io RPM1 (approximately 
50,COO cpm in 50 /(I). The medium in each well of the 
HUVEC plates W.IS gently aspirated, the wells were washed 
twice with RPM1 and SO/cl of the ‘Z51-labeled anti-mouse Ig 
solution was added to each well. The plates were incubated 
for ooe hour al room temperature and then each well was 
washed three times with RPMI. One hundred eighty micro- 
liters of 5% SDS was added to each weU to Iyse the cells. 
The ceil lysate from each welI was then transferred to a tube 
and counted in a scintillation counter. 

Representative results are shown in FIG. 5. The IC,, 
value for D2E7 inhbition of hTNFa-induced expressioo of 
ELAM-1 on HUVEC is approximately 6x1r” M. These 
results demonstrate that the D2E7 human anti-hTNFa anti- 
body inhibits the hTNFa-induced expression oEEL.AM-1 on 
HUVEC at concentrations appmtimately equivaleot to that 
of the murine anti-hTNFa mAb MA.K 195. 
D. In Vivo Neutralizatioo of hTNFa 

Injection of recombinant human TNFa (rhTNFa) Lo 
D-galactosamine sensitized mice causes lethality within a 24 
hour time period. TNFa neutralizing agents have been 
shown to prevent lethality in this model. To examine the 
ability OF human anti-hTNFa antibodies to neutralize 
hTNFa in vivo in this model, C57B1/6 mice were injected 
with varying concentrations of D2E7-IgGl, or a control 
protein. in PBS intraperitoneauy (i.p.). Mice were chaI- 
lenged 30 minutes later with 1 ,ug of rhTNFa and 20 mg of 
D-galactosamine in PBS i.p., and observed 24 hours later. 
These amount of rhTNFa and D-galactosamine were pre- 
viously determined to achieve 80-90% lethality in these 
mice. 

Represeotative results, depicted as a bar graph of % 
survival versus antibody conceotratioo, are showo in FIG. 6. 
The black bars represent D2E7, whereas the hatched bars 
represent MAK 195. Injection of 2.5-25 ,ug of D2E7 anti- 
body per mouse. protected the animals fmm TNFa-induced 
Iethality. The ED,, value is approximately l-2.5 &mouse. 
The positive control antibody, MAK 195, was simiiar in its 
protective ability. Injectioo of D2E7 in the absence of 
rh’TNFa did not have any detrimental effect on the mice. 
Injection of a non-specific human lgG1 antibody did not 
offer any protection from TNFa-induced IethaIity. 
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Additionally. in a bTNFa-mediated rabbit pyrexia model. 
D2E7 antibody attenuated the temperature rise ,due lo 
administration of bTNFa in a dose dependent manner. 

These results demonstrate that D2E7 is elfective at inhih- 
iting bTNFa activity in vivo. 

E. D2E7 Neutralization of TNFos from Other Species 

The binding specihcity of D2E7 was examined by mea- 
suring its abihty to neutralize tumor necrosis factors from 
various primate species and from mouse, using an L929 
cytotoxicity assay (as described in Example 4. subsection A, 
above). The results are summarized in Table 5 below: 

TABLE 5 

DtE7 NcuLmlimtmn of TNFa from Oiffcrcnl Species 

TNFCI’ IC, for ME7 Ncutrnlizolion (M)” 

Human 6.0 x 10“’ 
Chimpanzc~: 55 x lo-” 
b&moo 6.0 I 10-L’ 
mUlE43S.3 4.0 x 10-u 
cynomolgur; s.0 x lo-” 
rhesus -3 x 10-L’ 
mouse 6 0 x IO-* 

The results in Table 5 demonstrate that D2E7 can neu- 
tralize the activity of five primate TNFas approximately 
equivalently to human TNFa and, moreover, can neutralize 
the activity of mouse TNFa. albeit-1000-fold leas well than 
human TNFa. However, the IC,, for neutralization of 
mouse. TNFa (6.0~10-~ M) is still significant, as it compares 
to that of a hamster anti-mouse TNF+a antibody commer- 
cially available (Genzyme Corp.) for detecting or inhibiting 
mouse TNFa. Moreover, D2E7 was found to bind to porcine 
TNFa but did not specitically bind to other cytoldnes, such 
as lympbotoxin (TNFfl), IL-l% IL-la, IL-2. IL-4, IL-6, 
IL-& IFNy and TGFS. 

Forming part of the present disclosure is the appended 
Sequence Listing, the contents of which are summarized in 
the table below: 

36 

ANIIBODY 
SE0 ID No: CHAIN REGION SEQUENCE TYPE 

1 
2 
3 
4 
5 

10 6 
7 
a 
9 

10 
11 

15 12 
13 
14 
15 
16 
17 

20 
1.3 
19 
20 
21 
22 
23 
24 

25 25 
26 
27 
28 
29 
30 

30 31 
32 
33 
34 
35 
36 

35 37 

ME7 
07x7 
ME7 
ME7 
ME7 
ME7 
ME7 
ME7 
2sD4 
2SO4 
2SO4 

EP B12 
VLlOE4 

VLlWA9 
VLL10002 

VLLUFJ 
LOES 

vLLOG7 
VLLOG9 
VLLOHI 

VLLOHlO 
VLlB7 
VLlCl 

VLO.lF4 
Vu).lKS 
LOE7 A 

2sD4 
VHlBll 
VHIO8 

VHlAIl 
VHlBl? 
VHIEQ 
VHlF6 
3C-H2 

VHI-0Z.N 
02E7 
ME7 

VL 

vLER3 
vHcoR3 
VLCDRZ 
VH COR2 
VL CORl 
VH CDRI 

VI. 
VH 

VLCDIU 
VL CDR3 
VI. COIU 
vLcDR3 
VL coR3 
VL cOR3 
VL COR3 
VL COR3 
VL coru 
VL COR3 
VL CDru 
VL COIU 
VL COR3 
VL CDR3 
VL CDR3 
VL CDR3 
VH CDR3 
VH COR3 
VH CDR3 
VH cDR3 
VK cOR3 
VH CDR3 
VH CDR3 
VH CDR3 
VH CDR3 

VL 
VH 

amino actd 
amino acid 
amino aud 
amino and 
amino acid 
amino acid 
muno acid 
*mum acid 
amino aad 
amino acid 
amino acld 
amino acid 
rmino and 
amino acid 
unino acid 
ammo acid 
nrmno sctd 
*mum acld 
nmina acid 
ammo and 
slnino acid 
amino actd 
amino acld 
amu~o acld 
amino actd 
amino acld 
amino acrd 
amino aad 
annno acld 
ammo acld 
a nuno actd 
*mum acid 
amino ad 
amino acid 
amino acld 

nucleic acid 
nucIs1c acid 

40 
Equivalents 

Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the specihc embodiments of tbe invention 
described herein. Such equivalents are intended to be 
encompassed by the following claims. 

SEQUENCE LISTING 

( 1) GENERAL INPOiWATION: 

(iii) NUMBER OF SEQUENCES: 37 

(2) IIWX~MATION FOR SEQ ID No:1: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(U) TOPOLOGY: linear 

(ii1 HDLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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-continued 

(xi) SEQIIENCX DESCRIPTION: SEQ IO NO:l: 

Aep 118 Gin I4et Thr Gin Ser Pro Ser Ser Leu Ser Ala Se5 Val GLy 
1 5 10 15 

Asp Arq VaL Thr 110 Thr Cys Arg Ala Ser Gln Gly 110 AEg Asn l'yc 
20 25 30 

Leu Ala Trp Tyr Gin Gin Lya Pro Gly LyS Ala Pro Lye LaU Lou Ile 
35 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Amp Phs Thr Leu Thr Xl* Ser Ssr Lau Gin Pro 
65 70 75 80 

Glu Asp Val Zlla Thr Tyr Tyr Cys Gln Arg Tyr Asn Arg Ala Pro Tyr 
85 90 95 

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys 
100 105 

(2) INFORHATION FOR SEQ IO NO:Z: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 121 amino acids 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRPIC;MENT TYPE: internal 

(xi) SEQUENCE OESaUPTION: SEQ IO NO:Z: 

Glu 'le.1 Gin Leu Vsl Glu Ser Gly Gly Gly Leu Val Gln Pro GLy Arg 
1 5 10 15 

Scr Leu Arq Leu Ssr CYB Ala Ala Sar GLy Pha Thr Pha Asp tip Tyr 
20 25 30 

Ah Hat Iii6 Trp Val A.cg Gin Ala Pro Gly Lys Gly Lau Glu Trp Val 
35 40 45 

Ser Ah Ile Thr Trp Asn Ser Gly liis 118 Asp Tyr A& Asp Ser Val 
50 55 60 

Glu Gly kg Phs Thr 11s Scr Arg Asp Asn Ala Lys Asn SCF Leu Tyr 
65 10 75 SO 

Leu Gln Met kin Sar Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cye 
85 90 95 

Ala Lya Val Ser Tyr Lau Ssr dr Ala Scr Ser Lou Asp Tyr Trp Gly 
100 105 110 

Gln Gly Thr LEIU Val Thr Val Ser SBF 
1:s 120 

(21 INFORHATIC~N FOR SEQ IO No:3: 

(i) SEQUENCE CHARACT ERISTICS: 
(A) LENGTH: 9 amino acida 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(ix] FEATURE: 
(A) MANE/KEY: Madjded-cite 
(B) LOCATION: 9 
(0) OTMER INPOW4ATION: /note- 'Xaa is Thf or Ala" 
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(Xi) SEQUENCE DESCR~JPTION: SEQ ID NO:]: 

Gin Arg Tyr Aem Arg Ala Pro Tyr Xaa 
1  5  

(2) INPORHAT'LON FOR SEQ ID NO:4: 

(i) SEQIJENCE CHARACT ERISTICS: 
(Al LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptida 

(v) FRAGMENT TYPE: internal 

(ix) FEATURE: 
(A] NAME/KEY: ModZed-site 
(B:i LOCATION: 12 
(D) OTHER INFOWTION: /note- 'Xaa is Tyr or Asn" 

(xi.) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Xaa 
1 5  10 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CWRACTERISTICS: 
(A) LENGTH: 7  amino acida 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:S: 

Ala Ala Sar Thr Leu Gin Ser 
1  5  

(2) INFORMATION FOR SEQ IO NO:S: 

(i) SEQUENCE CRARACTERISTICS: 
(A) LENOPII: 17 amino acids' 
(B) TYPB: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: psptide 

(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SXQ IO NO:S: 

Ala Ile Thr Trp Am Sar Gly His 110 Asp Tyr Ala Asp Ser Val Glu 
1 5 10 1s 

GUY 

(2) INPORMATfClN FOR SEQ IO NO:7: 

(i) sEQUxNc2 CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) l4OLECULE TYPE: psptide 

(VI FRAGMENT TYPE: internal 

(Xi) SEQUExCB DESCRIPTION: SEQ ID NO:7: 

Ar9 Ala Ser Gln Gly 11s Axq Asn Tyr Leu Ala 
1  S 10 
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(2) INPORMATION FOR SEQ IO NO:S: 

(i) SEQUENCE CHARACT ERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYFE: amino acid 
(D) TUWLOGY: linear 

(ii) MOLECULE TYPE: paptide 

(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOIE: 

Asp Tyr Ala Met His 
1 5 

(2) INPOFMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(S) TYPE: amino acid 
(II) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) PRAGMENP TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Asp Ile Gin Net Thr Gin Ser Pro Ser Ser Leu Sar Ala Ser Xle Gly 
1 5 10 15 

Asp Arq Val Thr Ile Thr Cya A.cq Ala Ser Gin Gly Ile Arg Asn Tye 
.20 2s IO 

L=U Ala Trp -Tyr Gin Gin Lys Pro Gly Lya Ala Pro Lye Leu Lsu Tla 
35 PO 45 

Tyr Ah Ala Ser Thr Leu Gln Ser Gly tral Pro Ser Arg Phe Ser Gly 
50 55 60 

Ssr Gly Ser Gly Thr Asp Phe Thr Leu Thr 11s Sar Ser Leu Gln Pro 
65 70 75 80 

Glu Asp Val Ala Thr Tyr Tyr Cys Gin Lys Tyr Am Ser Ala Pro Tyr 
BS 90 95 

Ala Pha Gly Gin Gly Thr Lye Val Glu 110 Lys 
1.00 105 

(2) INWPMATTON POR SEQ ID ~0:10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 121 amino acids 
(B) TYPE: amino acid 
(01 TOPOLOGY: linsac 

(ii) MOLECULE TYPE: pcptide 

(v) PRAGNENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:lO: 

Gin Val Gln Lau Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly A.rq 
1 S 10 15 

Ser Lsu Arq L'cu Sac Cys Ala Ala Ssc Gly Pha Thr Phs Rap Asp Tyr 
20 25 30 

Ala llet His Trp Val Arg Gln Ala Pro Gly Lys Gly Lau Asp Trp val 
35 40 45 

Ser Ala 11e Thr Trp Am Ser Gly Hia Ila Asp Tyr Ala Asp Ssr Val 
50 55 60 

Glu Gly Arg Phe Ala Val Ssr Acg Asp Asn Ala Lys Am Ala Leu Tyr 
65 70 75 80 
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Lcu Gin Met A.sn SC= Le" Arg Pro Glu Asp Thr Ala Val Tyr TyI Cys 
85 90 95 

Thr Lys Ah Ser Tyr Lau Ser Thr Sar Ser Ser Lsu Asp Asn Trp Gly 
100 105 110 

Gin Gly Thr Len Val Thr Val Ser Sex 
115 I20 

(2) INFURMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH8 9 amino acida 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(Xi) SEQlJEaCE DESCRIPTION: SEQ ID NO:ll: 

Gln Lya Tyr Asn Ser Ala Pro Tyr Ala 
1 S 

12) INPORMATCON FOR SEQ ID No:12: 

(i) SEQUENCE CHARACTERISTICS: 
(A\ LENGTH: 9 amino acids 
(B:l TYPE: amino acid 
(II) TOPoLoGY: linear 

(ii.) fl0LECIK.E TYPE: peptids 

(V) PRAGHENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:l-Z: 

Gln Lyrr Tyr Assn Arg Ala Pro Tyr Ala 
1' 5 

(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACPERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(II) TOPOLCGY: linsar 

(ii) MOLECULE TYPE: peptide 

(VI PRAGWNT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOt13: 

Gin Lys Tyr Gtn Arg Ala Pro Tyr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO:I~: 

(i) SEQUENCE c HARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(El TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGRENT TYPE: intamal 

(xi) SEQUEXE DESCRIPTION: SEQ TV ~o:14: 

Gin LYS Tyr Ser SSC Ala Pro Tyr Thr 
1 5 
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-continued 

(2) INPOFtHATION FOR SXQ ID No:15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAG+lENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:lS: 

Gin Lys Tyr Ann Ser Ala Pro Tyr Thr 
1 5 

(2) INFOPMATXON FOR SEQ ID NO:lS: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) HOLPCULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

Gin Lys Tyr Asn Arg Ala Pro Tyr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE C RARACTERISTICSx 
(A) LENGTH: 9 amino acids 
(B) TYPE: au&la acid 
(D) TOPOLOGY: linear 

(ii) HOLECDLE TYPE: peptids 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DBSCRIPTION: SEQ ID NO:17$ 

Gln Lye. Tyr Asn Ser Ala Pro Tyr Tyr 
1 5 

(2) INFOR!4ATI3N FOR SEQ ID NO:lS: 

(i) SEQUENCE C HARACTERISTICS: 
(A) LENGTH: 9 amino acida 
(B) TYPE: amino acid 
(D) TOPOLCCY: linear 

(ii) HOLECULE TYKE: psptide 

(v) FRAGMENT TYPE: internal 

(Xi) SEQWXCE DESCRIPTION: SEQ ID NO:LS: 

Gln Lye Tyr Aan Ser Ala Pro Tyr Asn 
1 5 

(2) INPOiWATIflN FOR SEQ ID NO:L9: 

(i) SEQUENCE C RARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(D) TOPOLDGY: linear 

(ii) HOtECULE TYPE: peptide 

(v) PRAGNENT TYP'E: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Gln Lys Tyr Thr Ser Ala Pm Tyr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO:ZO: 

(i) SEQUENCE CHARACPERISTICS: 
(A) LENGTH: 9 amino abide 
(8) TYPE: am&no acid 
(D) TOPOLOGY: linear 

(ii) P(OLECULB TYPE: peptids 

(v) PRAGNENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

GLn Lys Tyr Iksn Aq Ala Pro Tyr Asn 
1 5 

(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHABACTERLSTICS: 
(A) LENGTH: 9 amino acid6 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) HOLECULB TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SBQ ID NO:Zl: 

GLn LyS Tyr Aen Sac Ala Ala Tyr Sar 
1 s 

(2) INFORMATION FOR SEQ ID NU:ZZ: 

(i) SEQUENCB C XARACTERISTICS: 
(A) LENGTH: 3 amino acids 
(8) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: paptide 

(v) FRAGMBNT TYPB: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID K1:22: 

Gh Gh Tyr Aan ssr Ala Pro Asp Thr 
1 5 

(2) MFORHATION~POR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3 amino acids 
(B) TYPE: amino acid 
(0) YOPOLWY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(xi) SEQUBNCB DESCRIPTION: SEQ ID No:23: 

Gin LYS Tyr As11 Ssr Asp Pro Tyr Thr 
1 5 
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(2) INPORMATION POR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(D) mPotoGY: linear 

(ii) MOLECULE TYPE: psptids 

(v) PRAGHENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24r 

Gin Lye Tyr Cla Sar Ala Pro Tyr Thr 
1 5 

(2) INFOWATION FOR SEQ ID NO:25: 

(il SEQUENCE CXARACPERISTICS: 
(A:, LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(II), TOPOLOGY: linear 

(ii) HOLECULE TYPE: peptlde 

(V) FRACaENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Gin Lys Tyr Asn Arq Pro Pro Tyr Thr 
I 5 

(2) INPOlWATION FOR SEQ ID NO:26: 

[i) SEQUENCE CHARACr ERISTICS: 
(A) LENGTH: 3 amino acids 
(B) TYPE: amieo acid 
(II) MPOLOGY: linaar 

(ii) MOLECULE TYPE: peptide 

(v) PRAGHEWY TYPE: intsmal 

(Xi) SEQUENCE DESCRIPTION: SLQ ID NO:26: 

Gin Arq Tyr Ann Arg Ala Pro Tyr Ala 
1 5 

(2) INPORHATION POR SEQ ID No:27: 

(i) SEQUENCE C HARACTERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLffiY: linear 

(ii) HOLECULE TYPE: paptide 

(v) PRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOt27: 

Ala Ser Tyr Lau SOT Thr Ser Scr Ser Leu Asp Aea 
1 5 10 

(2) INPOWTION FOR SEQ ID ~o:28: 

(i) SEQUENU CHARACZERISTICS~ 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: lineas 

(ii) NOLECULe TYPE: psptide 

(") FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID No:28: 

Ala Ssr Tyr Leu Ser Thr Sar Ser Sar Lau Asp Lys 
1 5 10 

(2) h4~0ikbtATI0ti FOR SEQ ID Ho: 29 : 

(i) SEQWEHCE CHARACT.ERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptids 

(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Tyr 
1 5 10 

(2) 1NFOR"ATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) t4OLECU.E TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCXPTION: SEQ ID X0:30: 

Ala Ser Tyr Lseu Ser Thr Sex Ser Ser Lau Asp Aep 
1 5 .' 10 

(2) INFORXATIDN FOR SEQ ID NO:31: 

(i) SEQUmCE C HARACTERISTICS: 
(A) LENGl'N: 12 amino acids 
(B) TYPB: amino acid 
(D) TOPOLOGY: linear 

(ii) NOLECDLE TYPE: pcptide 

(V) FRAGMENT TYPE: intacnal 

(xi) SEQURNCE DESCRIPTION: sEQ ID NO:31: 

Ala SOT Tyr LEIU Ser Thr Sar Phe Ser Leu Asp Tyr 
1 5 10 

(2) INPOPHATICIN FOR SEQ ID NO:32t 

(i) SEQUENCE CHARACT ERISTICS: 
(A) LENGTH: 12 mina acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) )IOLECULE TYPE: peptids 

(v) FFJAGHSNT TYPE: intscnal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID No:32: 
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(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE C HARACTBRISTICS: 
(A) LENGIX: 12 amino acids 
(BE TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: peptide 

- (v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Ala Ser Phe Leu Ssr Thr Ser Ser Scr Leu Glu Tyr 
1 5 10 

(2) INPORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptidc 

(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

Ah Ser Tyr L,eu Ser Thr Ala Ser Ser Leu Glu Tyr 
1 5 10 

(2) INFORHATIIJN FOR SEQ I,, NO:3S: 

(i) SEQUENCE CHhRAcr ERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino &Ad 
(D) TOPOLOGY: linear 

(ii) ltOLECULE TYPE: peptids 

(~1 FRAGMENT TYPE: internal 

(Xi) SEQUEHCE DESCRIPTION: SEQ ID NO:35, 

Val Srr Tyr Lou Ser Thr Ala Sac Ser LSU Amp Amn 
1 5 10 

(2) INFORHATION FOR SEQ ID NO:36: 

(i) SEQUENCE C HARACYERISTICS: 
(A) LENGTH: 321 bans pair6 
(B) TYPE: nuclsic acid 
('2) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) nOLEcuLE TYPE: CDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

GACATCCAGA TGACCCAOTC TCCATCCTCC CTGTCTGCAT CTG TAGGGGA CAGAGTCACC 60 

ATCACTTGTC GGGCAAGTCA GCRXATCAGA AATTACTTAG CCTGGTATCA CClUULAACCA 120 

GGGMAGCCC CTAAGCTCCT GATCTATGCT GCATCCACTl' TGCAATCNX GGTCCCATCT 180 

CGGTTCAGTG GUGYGGATC TGGGACAGAT TTCACTCTCA CCATCAGCAG CCTACAGCCT 240 

GMGATGTTG CMClTATTA CTGTCAAAGG TATAACCGTG CACCGTATAC mTGGcCAG 300 

GGOACCAAGG TGGAAATCAA A 321 
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(2) INPORNATION FOR SEQ ID NOr37: 

(i) SEQUENCE C HARACTERISTICS: 
(A) LENGTH: 363 bass pairs 
(B) TYPE: nucleic acid 
(Cl STUMDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

GAGGTCSAGS TGGTGGAGTS TGGGCGAGGC TTGGTASAGS CCGGCAGGTC CS%AGASTC 60 

TCCTGTGCGG CCTSTGGATT CACCTTTGAT GATTATGSSA TGSASTGGGT CCGGSAAGST 120 

CCAGGGAAGG GSSTGGAATG GGTCTCAGCT ATCASCTPGGA ATAGTG‘X’SA SATAGASTAT 180 

GCGGASTSTG TGGAGGGSCG ATTSACCATC TCCAGAGACA ASGSSAAGAA CTSCCTGTAT 240 

CTGSAAATGA ACAGTCTGAG AGSTGAGGAT ACGGSCGTAT ATTASTGTGC GAAAGTSTSG 300 

TACCTPAGCA CCGCGTCCTC CSTTGASTAT TGGGGCCAAG GTASCCTG-GT CASCGTSXG 360 

AGT 363 

We claim: 
1. An isolated human antibody, or an antigen-binding 

portion thereof, that dissociates from human ‘I’NJ?a with a 
Kd of 1x10-a M or less and a K rate constant of ~x~O-~S-’ 
or less, both determined by sur T ace plasmoa resonance, and 
neutralizes human TNFa cytotoxiclty in a standard in vilro 
L929 assay with an IC,, of 1x10-’ M or less. 

2. The isolated human antibody, or antigen-binding por- 
tion thereof, of claim 1, which dissociates from human 
TNFa with a b rate constant OC SxlOa s-l or less. 

3. The isolated human antibody, or antigen-binding por- 
tion thereof, of claim 1, which dissociates from human 
TNFawitha 

3 
rate constant of 1x10* s-l or Less. 

4. The iscdat human antibody, or antigen-binding por- 
tion thereol. of claim 1, which neutralizes human TNFa 
cytotoxicity in a standard in vitro L929 assay with an IC,, 
of 1x10-* M or &ss. 

5. The isolated human antibody, or antigen-binding por- 
tion thereof. oE claim 1, which neutralizes human TNFa 
cytotoldcity in a standard in vitm L929 assay witb an IC,, 
of lxl(r9 M or less. 

6. The isolated human antibody, or antigen-binding por- 
tion thereof, of claim 1. which neutralizes human TNFa 
cytotoxicity in a standard in vitro L929 assay with an IC,, 
of 1~10-~” M or less. 

7. The isolated human antibody. or antigen-binding por- 
tion thereof, of claim 1, which is a recombinant antibody, or 
antigen-binding portion thereof. 

8. The isoIated human antibody, or antigen-binding por- 
tion thereof, of claim 1, which inhibits human TNFa- 
induced expression of ELAM-1 on human umbilical vein 
endothelial cells. 

9. An isolated human antibody, or antigen-binding portion 
thereof, with the following characteristics: 

a) dissociates from human TNFa with a K+ate constant 
of 1x10-’ s-’ or less, as determined by surfaceplasmon 
resonance; 

b) has a light chain CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 3. or modified from SEQ 
ID NO: 3 by a single ‘alanine substitution at p&ion 1, 
4.5, 7 or 8 or by one to five conservative amino acid 
substitutions at positions 1, 3, 4, 6, 7, 8 and/or 9; 

c) has a heavy chain CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 4. or moditied from SEQ 
ID NO: 4 by a single alanine substilutioo at position 2, 
3.4, 5,6,8.9, 10 or 11 or by one to five conservative 
amino acid subshtutions at positions 2.3, 4,5.6,8. 9, 
10.11 and/or 12. 

10. The isolated human antibody of claim 9, or an 
antigen-binding portion thereof. which dissociates Emm 
human TNFa with a Kgrate constanl of SX~O-~ C’ or less. 

11. The isolated humao antibody of claim 9, or an 
antigen-binding portion thereof, which dissociates from 
humao TNFu with a Grate constant of 1~10~~ P’ or less. 

12. An isolated human antibody. or an antigen-bindiog 
portion thereof, with a light chain variable region (LCVR) 
having a CDR3 domain comprising the amino acid sequence 
of SEQ ID NO: 3, or modified from SEQ ID NO: 3 by a 
single alanine substitution at position 1.4,5, J-or 8, and with 
a heavy chain variable region (HCVR) having a CDR3 
domain comprising the amino acid sequence of SEQ ID NO: 
4, or modtied fkom SEQ ID NO: 4 by a single alanine 
substitution at position 2, 3, 4, 5, 6, 8, 9, 10 or 11. 

13. The isolated human antibody. or an antigen-binding 
portion thereof, of claim 12. wherein the LCVR further has 
a CDR2 domain comprising the amino acid sequence of 
SEQ ID NO: 5 and the HCVR further has a CDR2 domain 
comprising the amino acid sequence of SEQ ID NO: 6. 

14. The isolated human antibody, or an antigen-binding 
portioo thereof, of claim 13. wherein the LCVR further has 
CDRl domain comprising the amino acid sequence of SEQ 
ID NO: 7 and the HCVR has a CDRl domain comprising the 
amino acid sequence of SEQ ID NO: 8. 

15. An isolated human antibody, or an antigen binding 
portioo thereof, with a light chain variable region (LCVR) 
comprising the amino acid sequence of SEQ ID NO: 1 and, 
a heavy chain variable regioo (HCVR) comprising the 
amino acid sequence oE SEQ ID NO: 2. 

16. The isolated human antibody of claim 15, which has 
an IgGl heavy chain constant region. 

17. The isolated human antibody oE claim 15, which has 
an IgG4 heavy chain constant regioo. 

18. The isolated human antibody of claim 15, which is a 
Fab fragment. 
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19. The isolated human antibody of claim 15, which is a 
single chain Fv fragment. 

20. An isolated human antibody, or ao antigen-binding 
portions thereof, with a tight chain variable region (LCVR) 
having a CDR.3 domain comprising ao amino acid sequence 
selected from the group coosistiog of SEQ ID NO: 3, SEQ 
ID NO: 11. SEQ ID NO: 12, SEQ ID NO: 13. SEQ ID NO: 
14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ 
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 
21. SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 
ID NO: 25, SEQ ID NO: 26 or with a heavy chain variable 
region (HCVR) having a CDR3 domain comprising an 
amino acid sequence selected from the group coosistiog of 
SEQ ID NO: 4. SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID 
NO: 29, SEQ ID NO: 30. SEQ ID NO: 31,SEQ ID NO: 32, 
SEQ ID NO: 33 and SEQ ID NO: 34. 

21. Ao isolated human antibody, or antigen-binding par- 
tion thereof, that neutralizes the activity of human TNFa, 
chimpanzee TNFa and at least one additional primate TNFa 
selected From the group consisting of baboon TNFa. mar- 
moset TNFa, cynomolgus TNFa and rhesus TNFa. 

22. Tbe isolated human antibody, or an antigen-binding 
portion thereof. of claim 21, which also neutralizes the 
activity of mouse TNFa. 

23. The isolated human antibody, or an antigen-binding 
portion thereof, of claim 21, which also neutralizes the 
activily of pig TNFa 

24. A pharmaceutical composition comprising the 
antibody, or antigen-binding portion thereof, of any ooe of 
claims l-23, and a pharmaceutically acceptable carrier. 

25. The pharmaceutical composition of claim 24, which 
further comprises at least one additional therapeutic agent. 

26. Ao isolated human antibody, or antigen-binding par- 
tioo thereof, that binds to human TNFa aod comprises a 
light chain CDR3 domain comprising 
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the amino acid sequence of SEQ ID NO: 3, or modiied 

from SEQ ID NO: 3 by a single alaoioe substitution at 
position 1.4,5, 7 or 8 or by one to five conservative 
amino acid substitutions at positioas. 1, 3. 4, 6, 7, 8 
and/or 9, and 

a heavy chain CDR3 domain comprising the amino acid 
sequence of SEQ ID NO; 4, or modihed from SEQ ID 
NO: 4 by a single alaoioe substitutions at position 2,3, 
4,S, 6,9, IO or 11 or by one to five conservative amino 
acid substitutions at positions 2, 3, 4, 5, 6, 8, 9, 11 
and/or 12. 

27. Ao isolated human antibody, or an antigen-binding 
portion thereof, that binds human TNFu aod comprises a 
light chain variable region (LCVR) having a CDR3 domain 
comprising an aroiw acid sequence elected from the group 
consisting of SEQ ID NO: 3, SEQ ID NO: 11, SEQ ID NO: 
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ 
ID NO: 16, SEQ ID NO: 17. SEQ ID NO: 18. SEQ ID NO: 
19. SEQ ID NO: 20, SEQ ID NO:-21, SEQ ID- NO: 22, SEQ 
ID NO: 23. SE0 ID NO: 24. SE0 ID NO: 25. SE0 ID NO: 
26 or a heavy chain variable region (HCVR) having a CDR3 
domain comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO: 4. SEQ ID NO: 27. 
SEQ ID NO. 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID 
NO: 31. SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID NO. 
34. 

28. An isolated human antibody that binds human TNFa 
and is the antibody D2E7 or an antigen binding portion 
thereof. 

29. A pharmaceutical composition comprising the isolated 
humaa antibody of any one of claims 26,27 or 28, and a 
pharmaceutically acceptable carrier. 

30. The pharmaceutical composition of claim 29, which 
further comprises at least one additional therapeutic agent. 
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